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AFR2 pLo
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2. #H28¥EZeno trap/BFFES, HHEELECHS 5 7E50-90 A9 (R4 1 0050
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Scores for D1(33.4 %) versus D2 (33.3 %), Pareto (DA)
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ERR AR

FAMS1AIDDASR M T E &4, B ULIXSEPR b IR AF
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KERARAHTREIFT . XFGT WML @ o4 7 A R Bk
HIEAIE, UL AMarkerView™i A BEHEFH L LA AR
B W& FIDDARIHE ( n=10, ZDF %R, ZDF M, SD #E R SD M)

WHRIR I EI20270 MEMEIE, RIIW — R LR EIRE T 16
W (Es) MEFMEEFHNEN, Mp <0.01, +Log fold change(Z
FEE) = 054, T2 NERFEERIRM, XLEEZFRE
THEEPCAS T FBEEE BT, E—NERANBEMRIFH
EEM%. (Ee)
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ARELTEZenoTOF™ 7600 % G5 it FTDDABIE R KM, 73!
7EzZeno™ trap ( Zeno B ) FBMXARS TREZRRTIERE S
ARMIEREEEEL IR RN BIERTAIE, FIRITT Zeno trap
BANEYHEAFEENZEFUREBVEEERNZE,

e ZenotrapfF BN, ZHRFERZRFA, ERRERS, R
METHBEIRS T 15%0

o EREMS/MSEERE (10 msRRME ) £ET, LURKES
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o HDWESIRIE, MS/MSEUERREARFH, Bidzeno MS/
MStha] BB AR E L B 1R S A9 5.
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o fEFISCIEX OSER {4 FMarkerView™& 44, o] M {# FA & FhEE IR
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SEH

1. Qualitative flexibility combined with quantitative power. SCIEX
technical note, RUO-MKT-02-13053-A.

2. Automated Targeted Screening of Hundreds of Metabolites -Using
an Accurate Mass Metabolite Spectral Library with SCIEX OS
Software. SCIEX technical note, RUO-MKT-02- 2201-B.

3. Whatis Zeno-On-Demand and what does it do? SCIEX community
post, RUO-MKT-18-13325-A.
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SCIEX ZenoTOF™ 7600 & %t Zeno TrapDIBETE R IBHEAZ i R Y

FLFA

Zeno Trap Application in Metabolomics

X5t FRarEt
! SCIEX 1 [FH i FHEB

SCIEX ZenoTOF™ 7600 & 5t (/G E &I1#K, 7600 Lt) A f8 (&1t
FFEFR4FENZHE: FRSHOSHWRAT (Qo) &it, #Hin
NBFIELEERIE ( EAD Cell, Electron activated dissociation
Cell) , XKHzeno™ Trap ( Zeno Bf ) ®it, &EHER T =HMEEE
1k&% ( Analog-to-Digital Converter, ADC ) FIRT[E#F454L2% ( Time-
to-Digital Converter, TDC ) (El1); X477 HEMEH EMZGE, FREAEE
TREMSIRE (K1),

R

. BSHBER
* 25ps ¥R X HISGHz, 10bit ADC
‘74OGNHD fage 1(!5 [ L d
SE AR

e J

N Zenotrap
WA MS/MS Emre ™
250%

A coll— AV TR S e
-

#QoiRit
RARREE, ROBPEES

[El1. SCIEX ZenoTOF™ 76002 St I #R 4414 FNHE {4 Bt

F1. 7600 R SR T FIE N N TI5E

WEst  MRThAEE
FQUiRIT IREBTFEEICE, B MUESEFE;
EAD cell RAEEADIER AR, S5CAD(Collision-activated
dissociation, RIHESEL AR ) FFFAREE EHME;
ZenoTrap REBTHELL, EHEMS/MSEABF, 1REMS/
MSREBUE;
TEATEE 5GHz, 10bit ADCHI40GHz TDCEREL#eRs, RMAsA

HERLMERE; SHBORRARRIELI30HAT R
ETHNPRNETRBE;

RUO-MKT-02-14196-ZH-A
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SCIEX ZenoTOF 76003%2%@#9‘\]%&, R ARV R T, —
ey EELIRELY, AXFEHZeno TrapfERIGHHEFF AN F
BFMIR. Zeno TrapiRit TERBEIRESBEF LY, kiRE
MS/MSEIR B ; FATET A RN A £Q2 (ETR=EMIK
1) Ff9Zeno TrapX B FENEEIER, RIE%0% I FAEFHET
FHENKFTREIE ( TOF, Time of flight ) &, TS T MS/MS
MRBUE. ASERBEssH N FIEWRME DERER, X
WATSEE, 18 Zeno TrapESLBR LIEFROBTERN Ao

Zeno TrapfE R A F PRI AT =
EEXK, REMRM® (EPHZERNEN ) EE2R8E;

Ef’i Lk, REHEELENERE; BN EEE2ks
), thEEFR B FAEIEELE;

KBAFISLIS o, E2A130Hz (5ms/ scan)REFEFIEEE, RILLE
Y BEXRMMS/MSIERREMRHET, E20TMUFER—FH
R TR 8 ;

SREFF

MAE EEREAR, 2FssMkEY, BAEER, FIE,
%E, B4R, BELEY. P00t &Y E T/ F500Da,
88% ML &Y EER R B F/\F3000a. XN FESEE, 5N
RIFEZFZN AW HSEERBML

Zeno TrapZEK A F E EW % PRI LA

EERAZ, FTEXERREHYHTENSESEE, %
BIERNREE, EXEZE, fEZenoOn ( FFEZeno Trap ThEE ) F
Zeno Off ( [F]Zeno Trap ThEE ) T, AHHEAMRM ™ REER, Xt
KRB BITEENT, b Zeno TrapTIREXT REERIF M,
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AR RBAREE R, 20min RIEETHE, 7600FR%{EA
MRM™ REHER . TOF MS ( —RE ¥R ) R&EEE: 50-800
Da, ZJNAF(E] ( Accumulation Time ) 5100ms; MRM™F & FRE&SE
El: 30-800 Da, RNNAFE]A8ms; 7 5HItb#EZeno OnFlzeno Off & 1F
T, ZenoOn STOFMSEMT, ssMLEMMREEE L,

ER2FRRT=EMEEMHNRER, ERKB: 1) Zeno On
5zeno offtt R, RBEEZEIRS5-157%; ilAZeno OnBEXKIED
BABTHRBUE; 2) Zeno On THIMRM™, 5—FRIE T AR
BEFRE (XC) (i, REERS11-7965, X, WFE
LSS, MRMTREEREEF LGRS, REELRNOR
BE, BL&Zeno TrapMifE, BREAXREEHABFHREE, 3)
ATHBELENEIE, XesMLAYIHIZeno OnS5Zeno OFf FHY
MRM™EERELEY, Zeno OnF M TIEEIRFITIR S 11X,

EELBRERRKE: Zeno OnEEERSMRVM EERHE,
SHFNDFHEY, THUIRSIXEARBE,

- remsme + wnhabd FRfm: <%0

|- i 25 o [ oede ki | o

I -

(T L E o T o o gl R A,
i

Zena On Bk Zena OF, R
H

>15X,
0%

5.
: : 10X,
& b 2%

E2. =/ MkEA%¥zZeno On-MRM™, Zeno Off-MRM™FITOF MSR & TXICE i
Bl (ZZE), GitssMLEMER, Zeno OnFIFIRS1IXRBE.

Zeno Trap ERHAZEMHE RIS A

RFFAFEMSLI P, REMEEHTREVHLEENTR
7B MS/MSEURFEME, HHUEWHREEREMMS/MSHEE R,
MS/MSEIRE LR T UK B ESHLRSME, EXNTREERH
¥, BFENEEK, thEBSREMAMS/MSIEEFER T IEE AL
Phbko

AR RABEER, 20min RAEZTAE, 7600FR (%A
IDA-Top10 ({5 BT 4 E-f A 10N ZRIERIRE)REEN, F
FADBS ( FIZE 206 ) ThRE, TOF MSRESERE: 50-1000 Da, RN
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Improved metabolite identification using the ZenoTOF 8600
system to analyze NIST SRM 1950 plasma by DDA analysis

Paul RS Baker, Suya Liu?, Robert Proos?, Jason Causon?, Rebekah Sayers?,
Sahana Mallah?, Elliott Jones?,

1 SCIEX, USA, ®SCIEX, Canada, 3SCIEX, UK,

This technical note introduces a novel high-resolution mass
spectrometer, the ZenoTOF 8600 system, which was used to identify
metabaolites in human plasma using an untargeted mass spectrometry
approach.

Untargeted metabolomics using a data-dependent acquisition (DDA]
scan mode is a common approach to studying the metabalites in
biological samples. The experiment is based on a cycle of identifying
potential precursor molecules via an MS1 scan and selecting the top
candidates for product ion analysis to generate spectra for database
matching to identify compounds. To improve the identification of
metabolites, two instrument qualities are equally essential: high
sensitivity and fast acquisition speed. High sensitivity increases the
likelihood of triggering high-quality product ion spectra for low-
concentration analytes, and a faster acquisition allows for more DDA
cycles during the experiment, improving the chance that the low-level
metabolites will be analyzed.

* NIST SRM 1950 plasma extract
* RP chromatography
* Top-10 DDA experiment

The ZenoTOF 8600 system is a high-resolution QTOF mass
spectrometer with a fast analytical speed [~100 MS/MS events/s), and
an improved front end to enable a high ion influx paired with a novel
optical detector to increase the instrument's sensitivity ~10-fold
compared to the ZenoTOF 7600 system, as determined by signal-to-
noise (S/N). Here, human plasma was analyzed using the ZenoTOF
7600 and 8600 instruments to evaluate the improved identification of
analytes in untargeted metabolomics analysis on human plasma using
reversed-phase (RP) chromatography (Figure 1).

Key features of untargeted metabolomics analysis

using the ZenoTOF 8600 system

e Using untargeted analysis, the SCIEX ZenoTOF 8600 system
identified 1.4-fold more metabolites than the ZenoTOF 7600 system
in human plasma extract (274 vs. 203, analyzing 1 pL plasma
equivalents)

The ZenoTOF 8600 system demonstrated ~10-fold greater
sensitivity at the TOF MS and TOF MS/MS levels than the ZenoTOF
7600 system

ZenoTOF 8600 system M S_ D l AL
—
> 5.5.241113
ZenoTOF 7600 system
Referencea
Instrument Vol plesma Features TOF HESJ‘:JS miatched

L] acquir matabolites
ZenoTOF 8600 system ni 13250 3678 145
ZenoTOF 7600 Systam 01 3JB5e 1661 134
ZenuTOF 8500 system 0.4 20248 5073 217
" ZenoTOF 7800 Syste 0.4 5730 2414 183
ZenoTOF 8600 system 1 25413 B0EY 274
ZenaTOF 7600 System 1 11002 3932 203

Figure 1. A comparative study to evaluate the identification of metabolites using DDA analysis. Human plasma extracts were analyzed on the ZenoTOF 7600
or 8600 system using a top-10 DDA experiment in the positive ion mode. Data were processed using MS-DIAL 5.5 software to identify reference-matched
metabalites. Due to its greater sensitivity, data acquired on the ZenoTOF 8600 system enabled the identification of ~1.4-fold more metabolites than the

ZenoTOF 7600 system.
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Introduction

Metabolomics research has heavily relied on untargeted MS-hased
analytical methods (i.e., DDA] to detect and potentially quantify small
biomolecules within a sample (1,2]. High-resolution mass
spectrometry (HRMS] analysis using a DDA scan mode is the primary
toal for this type of experiment, which is based on an initial survey
scan, such as a TOFMS scan, to select potential precursor molecules
for product ion analysis. Individual MS/MS scans are acquired for each
chosen precursor, and the cycle repeats itself throughout the whole
experiment. Algorithms are in place to minimize repetitive
measurements of the same compound, but multiple MS/MS spectra
for an individual compound are typically acquired. The time for each
cycle depends on the number of dependent MS/MS scans, which must
be balanced with the chosen chromatographic separation strategy and
the speed and sensitivity of the instrument to maximize coverage.

The primary criterion for DDA precursor ion selection is intensity—ions
will be chosen in decreasing order from the maost intense peak within
the survey scan spectrum, provided it has not been excluded based on
the experimental exclusion criteria. A plasma-derived metabalomics
sample typically has hundreds of precursor ions in each survey scan,
so the DDA duty cycle must be as short as possible, the exclusion
criteria algorithm carefully balanced, and the instrument must be
sensitive for low-level analytes to be present in the spectra for optimal
untargeted analysis. The ZenoTOF 8600 system can execute an MS/MS
scan in < 10 ms, enabling a scan rate of ~100/s. This rate for a top-10
DDA experiment results in a duty cycle of 600 ms (100 ms for the
survey scan and 500 ms for the 50 dependent MS/MS scans). That
means for a 6-secaond-wide eluting peak, there is a strong chance that
an MS/MS spectrum would be acquired for any given peak, if it is
detected at the precursor ion level. This rate also suggests that for a
20 min gradient, there could be > 40,000 MS spectra acquired. This is
not the case. For the ZenoTOF 7600 system, analyzing 0.2 plL plasma
equivalents, the number is ~9,000. This means that provided the DDA
exclusion criteria were optimally set, the detection capacity of the
instrument exceeds the number of detected precursors. Itis this
aspect of untargeted metabolomics that can benefit from improved
instrument sensitivity.

Two instrument qualities are essential for the accurate and
comprehensive identification of metabolites using DDA: a high speed
of analysis and high sensitivity. Better sensitivity increases the
likelihood of triggering product ion analysis for low-concentration
analytes, and a faster analysis speed allows for more DDA cycles,
which improves the chance that the low-level metabalites will be
analyzed. The ZenoTOF 8600 system is a high-resolution QTOF mass
spectrometer with fast analytical speed, a reconfigured front end to
increase ion flux, and a novel optical detector that comhine to increase
the instrument's sensitivity ~10-fold compared to the ZenoTOF 7600
system. It is hypothesized that the increased instrument sensitivity will
result in an increase in the number of triggered MS/MS events.

MKT-34922-A

Furthermore, the MS/MS spectra acquired from the low-level
metabolites will be of better quality due to the better sensitivity. Both
improvements are expected to increase the number of reference-
matched metahalites.

The NIST SRM 1950 human plasma standard was used in these
studies to provide a common reference for comparison. Recently, a
comprehensive metabolomic/lipidomic profile of the NIST 1950
standard was performed using high-resolution NMR spectroscopy
(700 MHz), direct injection tandem mass spectrometry (DI-MS/MS],
liguid chromatography-tandem mass spectrometry (LC-MS/MS), and
inductively coupled plasma mass spectrometry [ICP-MS] (3]. Using
these diverse methads, the authors identified and quantified ~ 500
metabolites (lipid molecular species were also quantified, bringing the
target list to 1058). The mass spectrometry methods were targeted,
which is advantageous in terms of quantitative sensitivity, but they
lacked the ability to characterize knawn- and unknown-unknown
compounds. Untargeted analysis is better suited to this type of
discovery-based analysis.

A significant challenge associated with untargeted metabolomics is
data processing. As is the case for lipidomics data processing, robust
interpretation of untargeted metabolomics data is still, effectively, in
its early development. For the results presented here, MS-DIAL 5.5
software was used to match DDA-derived MS/MS spectra to its
compound database. Because of the diverse programs available to
process DDA data and the data themselves having been acquired
uniquely despite the sample being the same, direct comparisons of
data presented here with literature-based studies should be
approached with caution and not necessarily considered an “apples-
to-apples” comparison.

Here, human plasma was analyzed using the ZenoTOF 7600 and 8600
instruments to compare the extent and quality of analyte identification
in untargeted metabolomics analyses. Due to its improved sensitivity,
the ZenoTOF 8600 system identified ~ 1.4-fold more analytes than the
ZenoTOF 7600 system under similar analytical conditions and
generated superior quality scores, as defined by the MS-DIAL 5.5
software match score.

Materials and methods

Sample preparation: NIST SRM 1950 plasma was extracted using 4
volumes of ice-cold methanol, vortexing for 10 s, centrifuging at
15,000 x g for 10 min, and decanting the supernatant. The
supernatant was dried using a speedvac, and the metabolites were
resuspended in water to a final concentration of 1 pL extract = 0.1 pL
plasma equivalents. The supernatant was directly analyzed by high-
performance liquid chromatography electrospray ionization tandem
mass spectrometry (HPLC-ESI-MS/MS].
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Chromatography: Samples were analyzed using an Exion LC system
with a Kinetex F5 column (2.1 x 150 mm, 2.6 um, Phenomenex]. A
simple linear gradient from 0 to 95% B was used with standard
reversed phase mobile phases at a flow rate of 200 pL/min. Mabile
phase A was 0.1% formic acid in water, and mabile phase B was 0.1%
formic acid in acetonitrile. The HPLC rinse solvent was
water/methanol/iso-propanol/acetonitrile (1:1:1:1, v/v). The flow rate
was 0.200 pL/min, and the gradient conditions are shown in Table 1. A
1to 10 pL injection volume was used (0.1 to 10 plL plasma
equivalents), and the column temperature was maintained at 30°C
throughout the analysis. The total runtime was 23 min.

Table 1 Chromatographic gradient

Tirme [min] Mohile phase A [%]  Mohile Phass B [%)]

o] 100 1]
2 100 0
14 -] EE]
L& 5 a5
185 100
23 100

Mass spectrometry: Metabolomics analysis on human plasma
extracts was performed on two instruments: a ZenoTOF 7600 system
and a ZenaTOF 8600 system, both equipped with an Optiflow Turbo V
ion source and an electrospray ionization (ESI]) probe. Instrument
calibration was maintained using the automated calibrant delivery
system [CDS]), which calibrated every five samples with an ESI
calibration solution specific for the positive ionization mode. DDA
experiments were performed using CID-based fragmentation in the
positive ion mode.

The systems were configured for CID-based DDA experiments to
select the top 10 maost abundant ions for fragmentation. Dynamic
background subtraction [DBS] with a mass tolerance of 50 mDa was

Table 2. Instrument parameter settings

ZenoTOF 7600 ZenoTOF BE00
Paramotor
SYSOm Sysem
Custain gas [CUR] ) ps 40 psi
1on source gas L [651] 40 W
lon source gas 2 [G52) 5] 1]
CAD s [CAD] 7 7
Sourcetomparature (TEM) 500 500
lon spray vokage[|5] Q00 QD
Dechystering posential [0R] sy By
Colizion energy (CE) 0V NETH
Zena theshald 100,000 cps 100000 cps
CE [V] - TOFMS 10y 12v
CE [V] - TOFMSA4S 0V 0V
Dechustaring potential (DF) 30V a0y
TOFME accumulation tims [Acc] 100ms 100 ms
TOFMS/MS accumudanion time (Acc) =0 i,
Time bins 1o sum 5] B

MKT-34922-A
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applied to both experiments to minimize noise and maximize the
MS/MS guality. Once a precursor ion was selected and fragmented, it
was dynamically excluded from candidate selection for 6 s. The TOF
MS accumulation time was set to 100 ms, and the accumulation time
for the dependent TOFMS/MS analysis was 50 ms. The TOF MS and
TOFMS/MS instrument parameter settings are shown in Table 2. A
detailed description of the ZenoTOF 7600 system instrument
parameters and their relevance to metabolomics DDA experiments
has been previously published [9); the parameter descriptions therein
are applicable to the ZenoTOF 8600 system.

To test the ZenoTOF 8600 system's sensitivity improvement, a high-
resolution multiple reaction monitoring [MRMHr] scan mode was
employed. From the untargeted data, 14 analytes were selected to
cover a wide range of masses and peak intensities. The same plasma
sample was used, and n=>5 replicates were run using the MRMHr scan
mode. Instrument parameter settings were the same as those used
for the DDA experiments (Table 2).

Data processing: All DDA data were processed using MS-DIAL 5.5
software (4). Optimal parameter settings used for MS-DIAL software
processing are presented in a recent SCIEX technical note (5], with
some exceptions: the DOT product score and the reverse DOT product
score thresholds were set to 500, and the TOFMS threshold was set to
100 counts per second [cps). Metabolite coverage determined from
data generated by each instrument is given as reference-matched
identifications; the total number of spectra acquired far exceeds these
numbers. (For a detailed explanation of match scores, see reference
6.) Quantitative data acquired using the MRMHr scan mode were
processed using the Analytics module in SCIEX OS software;
Qualitative data were visualized using the Explorer module.
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Quantitative performance of the ZenoTOF 8600 system

The ZenoTOF 8600 system was designed with an optical detector that
can process more ion current than the detector used in the ZenoTOF
7600 system. This ability, along with the upgraded front-end ion
optics, imparts greater sensitivity to the instrument. To measure the
impact of improved sensitivity on metabolomics analysis, two different
approaches were used: a comparison of the peak areas (and their
respective S/N ratios) from a small set of metabolites as measured in
the TOFMS dimension, and a targeted MRMHr experiment to measure
sensitivity improvements in the MS2 dimension.

Figure 2 shows the combined TICs (TOFMS in blue and dependent
product ion scans in pink] for the ZenaoTOF 7600 and 8600 systems
(top and bottom panels, respectively). A cursory inspection of each
instrument’s TICs indicates an approximately 10-fold increase in ion
intensity for the ZenoTOF 8600 system, reflecting the improved
sensitivity of the instrument. Because the two instruments perform at

the same data acquisition speed, the improved sensitivity is likely
responsible for the significant increase in the number of features
acquired using the ZenoTOF 8600 system compared to the ZenoTOF
7600 system (25413 vs. 11002 for 1 pL human plasma equivalents;
Fig. 1). The improved sensitivity also enabled mare triggered
dependent scans on the ZenoTOF 8600 system (6064 vs. 3932 MS/MS
spectra acquired using 1 L human plasma equivalents; Fig. 1).

The increased peak intensities acquired on the ZenoTOF 8600 system
do not necessarily mean the instrument is more sensitive. Sensitivity
improvements should be reported in terms of a relative increase in the
S/N. Because DDA experiments are not quantitative at the TOF MS/MS
level, sensitivity was assessed by comparing the TOF MS XIC peak
intensities and their concordant S/N from metabolites detected on
each instrument. An evaluation of the peak areas with S/N calculations
for 5 example metabolites is presented in Table 3. The S/N values were
calculated using SCIEX 0S software using the Explorer data analysis
module and represent the average value for each analyte from n=5
injections. The noise region from each TOFMS XIC used to calculate the
S/N was selected using the following criteria: the “blank”

Rell
- ZenoTOF BEOD system DDA TIC Il TOFMS
Dependent
§ - - TOFMS/MS
]
el
A L¥ S
o N | — L N
i ¥ 3 L H) B T L ] ] ] 1 ¥ i 2] 15 1R 1w 18 kL] " Fi =
T, i
F5aT
TOF
20a7 ZenoTOF 7600 system DDA TIC W TOFMS
- Dependent
E 15a7 TOFMS/MS
1581
= L Owp
15881 .
s 16M kﬁ'ﬂu 1777 e
B305 __4/_-_‘_'—}\_
S e — A | - i 1
1 L4 a a El L] ¥ L] L] mn {1} w w (8} {E] -] ) ar " " m £l Lo

Figure 2. Untargeted (DDA) analysis of metabalites in human plasma on the ZenoTOF 7600 and 8600 systems using DDA analysis. The top panel shows a
combined TIC for TOFMS (blue] and dependent product ion scans [pink] acquired on the ZenoTOF 7600 system. The lower panel shows the same for data acquired
on the ZenoTOF 8600 system. The overall intensities of the TICs from the ZenoTOF 8600 system are > 10-fold higher than those acquired on the ZenoTOF 7600
system. The number and intensities of the triggered product ion scans are significantly higher using the ZenoTOF 8600 system—6064 vs. 3932 dependent MS/MS
scans on the ZenaTOF 7600 analyzing 1.0 pL plasma equivalents. The 1.4-fold increase in the number of dependent scans contributed to the greater number of

identified metabolites.

_Table 3. TOFMS-derived S/N ratios for 5 example metabolites analyzed by DDA analysis

o mfz BEDD ZenoTOF system Te00 ZenoTOF system [::;'T;;;I
Peakareaavg SfNavg Peak areaavg /N avg SN
Arginine 1751185 L18E+0B 14453 B.611E+05 3316 4.4
Citruline 1761037 L37E+05 2700 2.584E+D4 222 121
Hypoxanthine 1370462 1LBSE+0E 2122 2.215E+04 45 465
Pantothenate 2201174 2.32E+04 BEG 9.556E+03 a5 92
Hippuric acid 1800655 G40E+04 77 1.372E+04 a8 79
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Table 4. MRMHr-derived peak areas [with respective S/N ratios] for 12 example metabolites

Average fold-improvement using

Fd TOF B600 i K TOF As00 e
) ik =ysiem e sysiem the ZenoTOF 8600 system
Metabolite
Peak area avg Peak area avg
(n=5] SN avg [n=5] (n=5) S/N avg [n=5] Peak area SIN
Tyrosine 166E+07 1220 2.53E+06 236 6.5 e
MNaproxen 1.54E+06 2311 9,32E+04 351 16.5 (i1
Piperina 2. 81E+06 4514 2.41E+05 1073 116 4.2
Dctonoyl carnitine L3I3IE+06 2765 2.89E+04 111 HE6.0 250
Methionine 3.FGE+06 3060 4. 60E+05 g3 3 3.7
Biliruhin 2 05E+07 153222 1.03E+07 6724 2.0 22.8
Ill','mxine 2.BBE+0S 41 1./0E+049 15 15.8 5
Sphinganine- 1-phos phate 4 S5E+04 234 3.58E+03 B 13.8 o4
GahapElrltin B.34E+04 111 944 E+03 11 6.7 10.4
Cortisone 3.93E+04 365 3.51E+03 19 11.2 188
Indole-3-carbinol 1 54E+05 43 4 05E=03 4 38.0 a7
Proline 9. 73E+07 1242 1.449E+07 2454 G.F a1
rnatation Calfere Brnotation Aagining nng tation 3-Formyindole
Ml e [Md+H]» Pusigia hpe [+ H] = ldeduct fype [PelimH]
RT [mis: BisEjrel s DO0)ciMn 2 54 T [resin] 162 Ewel=-1 000ENT=2 63 T [} GdBirefe- 1,000)Ma 725
miz 195,008 2wt = 195 08 TES MmOy =L 10S m'e 781 10krets 1 7911 S04 mDg) o (474 miz HE.050 12 reda 146060044 e D) s 028
Pak Bt 276030 Peaik haight: 130 Peak height: T I0ALE
Peak arex 1253274 Pak arex 1153768 Peakc aren BT
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Figure 3. Spectral matching by MS-DIAL 5.5 software. Presented here are three examples of metabolites identified in human plasma by MS-DIAL 5.5 software.
Mare information is availahle within the software’s user interface, but highlighted here are the acquired MS/MS spectra (in blue) compared to the reference spectra
(inverted, in red].

chromatographic region was > 1 min in length and within 2 min of the area increase of 15.5-fold (range of 2 to 46-fold] and an average S/N
targeted peak elution time, and the region needed to be devoid of any value increase of 13.2 (range of 3.7 to 42-fold]). These data indicate
extraneous isoharic peaks. The S/N of the TOFMS XIC peaks was that the ZenoTOF 8600 system is more sensitive than the ZenoTOF
improved by an average of 16-fold (range = 4.4- to 46-fold]) on the 7600 system for metabolomics studies.

ZenoTOF 8800 system compared to the ZenoTOF 7600 system. Identification of metabolites using MS-DIAL 5.3 software

To compare the sensitivity of the two instruments at the MS/MS level,
an MRMHr experiment was performed on 12 representative
metabolites that cover a broad mass range and diverse peak
intensities and areas. Table 4 shows an overall increase in peak areas
and calculated s/n values for all compounds, with an average peak

The improved sensitivity of the ZenoTOF 8600 system and the
increased number of features should translate to better coverage of
the metabolome from untargeted metabolomics experiments. In
general, better sensitivity allows for detecting less prominent
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fragment ions, improving the quality of the product ion spectra, and
leading to a better match and more confident metabolite
identification. To test this hypothesis, DDA experiments were
performed on the ZenoTOF 7600 and 8600 systems to compare the
numbers of identified metabalites in human plasma lipid extracts.

The MS-DIAL user interface provides a comprehensive view of the
processed DDA data. Figure 3 shows an abridged example of data that
is generated for reference-matched metabolites. Of note is the
comparison of experimental data (lower panels, blue spectra) to
reference data (red spectra). The enhanced sensitivity of the latter
instrument resulted in a 136% increase [~1.4-fold increase] in
coverage of the human plasma metabolome in these experiments (274
vs. 203 reference-matched 10s). These identified metabolites have
match scores ranging from 2.2 to 1L.1. Importantly, in all the
comparative experiments performed on the ZenoTOF 7600 and 8600
systems, the latter instrument consistently generated more features,
and more MS/MS dependent scans were triggered (Figure 1). This
observation is likely due to the enhanced sensitivity in both the MS1
and MS/MS modes of the ZenoTOF 8600 system. The higher MS1
sensitivity logically leads to more candidate ions for the dependent
product ion scan, and the enhanced MS/MS sensitivity will impart
better fragment intensities and a better overall quality of MS/MS
spectrum.

In summary, the ZenoTOF 8600 system is shown to generate superior
untargeted metabolomics results compared to the ZenoTOF 7600
system. Although it is challenging to find true equivalent data sets in
the metabolomics literature, a study using NIST 1950 plasma analyzed
in the positive ion maode, with analytes resolved using RP
chromatography, reported 72 distinct metabolites were found using
MS-DIAL software for data processing [7], which is less than found
here using either instrument. As mentioned above, it is problematic to
do a numbers comparison, especially in metabolomics, where there is
little standardization and many different software platforms by which
the data are analyzed. In the data presented here, the strongest
conclusions should be made from the direct comparison of the two
instruments’ performances, analyzing the same sample under the
same experimental conditions and data processing parameters.

Conclusions

¢ In comparative studies, the ZenoTOF 8600 system is ~10-fold maore
sensitive than the ZenoTOF 7600 system at the TOFMS and TOF
MS/MS levels of analysis

e The SCIEX ZenoTOF 8600 system identified ~1.4-fold more
metabolites than the ZenoTOF 7600 system in human plasma
extract (275 vs. 203]

o Using the same analytical method, the improved sensitivity of the
ZenoTOF 8600 system generated an increased number of features

MKT-34922-A

and dependent product ion scans compared to the ZenoTOF 7600
system (6064 vs. 3932 for 1 uL human plasma equivalents]
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Untargeted data-dependent acquisition (DDA) metabolomics
analysis using the ZenoTOF 7600 system

Source, compound and experimental parameters to perform DDA experiments using collision-induced

dissociation

Paul RS Baker and Robert Proos
SCIEX, USA

This technical note details instrument settings and best practices
for untargeted metabolomics using the ZenoTOF 7600 system.
The ion flow path of this instrument is different from any other
QTOF instrument available. Therefore, untargeted metabolomics
method development requires unique instrument settings to
achieve success. Here, appropriate parameter settings are
provided and these settings are explained in the context of how
the device functions and is designed. Understanding how the
hardware is used to generate untargeted metabolomics data can
dramatically improve data quality and increase the number of
metabolites detected and identified during data processing.

Ideally, untargeted metabolomics experiments are designed to
detect and potentially quantify all biomolecules in a sample.
These data represent a snapshot of the metabolic state of the
organism studied. A typical results file for DDA metabolomics
analysis is shown in Figure 1. In practice, the quality of the data
and the extent of metabolite coverage depend on the parameter
settings used on the instrument and the experimental method.
For targeted analysis experiments, in which internal and primary
reference standards are typically available, instrument parameter

ot Blue Trace: TIC TOF MS

o Pink Trace: TIC TOF MS/MS
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settings can be optimized empirically. In contrast, generalized
parameter settings are required for global analysis to maximize
coverage of the diverse compounds present in the biome.

Key features of untargeted metabolomics
analysis using the ZenoTOF 7600 system

e The unique instrument design that enables electron-activated
dissociation (EAD) and the use of the Zeno trap requires
specific instrument parameter settings for untargeted
metabolomics

e Parameter setting suggestions and their detailed explanations
are provided to optimize metabolomic coverage and spectral
quality

e The untargeted metabolomics method described here
leverages the speed and sensitivity of the ZenoTOF 7600
system to maximize throughput while maintaining data quality

Figure 1. TIC from a 15 min untargeted metabolomics experiment using the IDA scan mode. The speed and sensitivity of the ZenoTOF 7600
system enable high-throughput analysis while maintaining high MS/MS spectral quality.

RUO-MKT-02-15367-A
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Methods

Sample preparation: NIST SRM 1950 plasma was extracted
using 4 volumes of methanol. After centrifugation to separate the
precipitated proteins, the supernatant was analyzed directly.

Chromatography: Samples were analyzed using an ExionLC
system with a Kinetex F5 column (2.1 x 150 mm, 1.7 ym,
Phenomenex). A simple linear gradient from 0 to 95% B was
used with standard reversed phase mobile phases (A = 0.1%
formic acid in water and B = 0.1% formic acid in acetonitrile) with
a flow rate of 200uL/min. A 1L injection volume was used and
the column temperature was maintained at 30°C throughout the
analysis. The total run time was 15 min.

Mass spectrometry: The extracted sample was analyzed on the
ZenoTOF 7600 system equipped with the OptiFlow Turbo V ion
source. Data were collected using DDA methods designed to
vary from top 20 to top 100 candidate ions, with dynamic
background subtraction (DBS), and exclusion criteria of 6s after
3 occurrences, both activated and deactivated. The TOF MS
accumulation time was set to 100 ms, and a collision energy
(CE) of 30 V was used. A 5 ms accumulation time was used for
TOF MS/MS experiments.

Data processing: All data were analyzed using the Analytics
module in SCIEX OS software. The MS/MS spectra were
compared to the library spectra using version 2.0 of the SCIEX
All-in-One and SCIEX Accurate Mass Metabolite spectral
libraries and the NIST 17 spectral library.

Instrument calibration

The first step in developing an untargeted metabolomics method
is to ensure that the ZenoTOF 7600 system is operating at peak
performance. Instrument performance depends on several
factors but can be distilled down to 2 requirements: 1) the
instrument must be correctly calibrated, and 2) it must be free
from contamination. Below are steps that should be taken before
any analytical experiments are performed.

1. Open the MS Tuning tab

2. Every 1-2 weeks, run El Background Reduction to help
clean the EAD cell, even if the EAD fragmentation function
has not been used. The precursor ions travel through the
EAD cell to get to the CID portion of Q2 and, subsequently,
to the accelerator, TOF and detector. If the EAD cell is dirty,
it may affect the sensitivity and resolution of the system in
CID mode.

3. Every day, run MS Quick Check for the polarity that will be
used. When using the TwinSpray ion source, there is no
need to change any source parameters from the default
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settings. However, if using the OptiFlow Turbo V ion source,
the source temperature should be changed to 500°C.
Important note: Changing this value in the box does not
change the temperature setting in real time. To implement
this change, proceed to Step 2-Achieve Stable Signal,
change the value from 200°C to 500°C, then click in another
of the setting boxes. Press Stop, click on Step 1, then click
Next to proceed back to Step 2. The value will then be
appropriately set to 500°C. The system might take a couple
of minutes to equilibrate to the new temperature.

During the MS Quick Check, observe the intensity of the
MS/MS product ion when the Zeno trap is deactivated (m/z
520 in the negative ion mode or m/z 494 in the positive ion
mode). Ideally, this signal must be above 1e5 counts per
second (cps). If the Zeno trap is activated during this step,
the signal will be variable because it depends on the MS-
level sensitivity as a function of different ion transmission
control (ITC) values and therefore will not be consistent over
time. Save the tuning reports to a dedicated folder so that
the signal of this third ion can be tracked as a measure of
overall instrument performance.

If the mass accuracy calibration fails (for example, is >2
ppm) but is outside the tolerance range (for example, within
4 ppm), the system is likely suitable to use. The in-run
calibration employs a mass tolerance range of 5 ppm.

If the sensitivity or resolution fails during calibration,

perform the ADC Initialization and run EIl Background
Reduction, followed by TOF Tuning. These functions all
appear in the MS Tuning tab. Below are the steps to take in
response to failures during calibration. Note: If there is a
need to proceed to steps (e) and (f), these steps can be
performed in any order, depending on timing constraints and
familiarity with venting and cleaning the QJet. A flow chart is
presented in Figure 2 that summarizes these actions.
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a. ADC Initialization. ADC initialization re-establishes

proper communication between the detector and the __ -y
computer. Once reset, rerun MS Quick Check. If it i Fail | ~—— -
passes, then start sample analysis. If it fails, proceed S m \ calbration
to step (b). Retest - ! -

\ Sarvce Call

b. El Background Reduction. The Background )
Verification Level process will almost always fail the f
first time. Press next and perform the Background [
Reduction Scan. The signal should decrease I ]
significantly over the first few minutes. After 5-10 |
minutes, press Next to proceed to the final check. \ \
Save the tuning report, including the optional steps.
Re-check MS Quick Check. If it passes, then start
sample analysis. If it fails, proceed to step (c).

c. TOF Tuning. Select TOF tuning and allow the
process to proceed. Re-run MS Quick Check. If it i /
passes, then start sample analysis. If it fails, proceed T [ oo Jq—{ Ches }c
to step (d).

d. Zeno Calibration. After TOF Tuning, the Zeno trap

Figure 2. Flowchart depicting the correct order of MS tuning
procedures to follow if the initial MS Quick Check experiment fails

should be re-calibrated by clicking Zeno Calibration. at any stage of the run. At each stage of the process, re-run MS Quick
Once this test is complete, run MS Quick Check Check_to see if the i_ssue is resolved. If it is, procee(_i with sample _

. . . . analysis. If not, continue to troubleshoot by performing the next tuning
again. If the instrument fails this last check, please procedure in the list and re-testing via MS Quick Check.

clean the Qjet.

e. QJet Cleaning. If the instrument sensitivity test still
fails, vent the system and clean the curtain plate, the
orifice plate and the QJet. SCIEX has an official QJet
cleaning procedure and detergent, bags and brushes.
Do not perform any cleaning or maintenance of the
instrument beyond the QJet. Once vented, the QJet
is cleaned and the instrument is reassembled, the
system will need time (2 - 8 min) to re-achieve the
suitable operating vacuum pressure in the TOF
chamber. After restarting and allowing the pressure to
stabilize, run ADC Initialization and run MS Quick
Check.

f. Detector Optimization. If the instrument fails the
sensitivity test after re-running MS Quick Check, then
run Detector Optimization. This test varies the voltage
on the detector to ensure it is held at the correct
voltage. As detectors age, the voltage required to
maintain sensitivity increases. There is a voltage limit
and the detector must be replaced when the limit is | e o o L __ I _ _"_____ u
reached. In this situation, the analytical quadrupoles
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ther i th t iaht also b Figure 3. Assembly diagram of the ZenoTOF 7600 system. The
Orother ion path components might also be integrated MS/MS assembly supports both CID and EAD
contaminated and deep cleaning will need to be fragmentation. Fragment ions can be trapped by the Zeno trap, which
performed by a service engineer. increases the instrument duty cycle to >90%.

ZenoTOF 7600 system hardware configuration understand how specific parameter settings are set to optimally
run untargeted metabolomics in a DDA experiment using the

The functions and mechanisms of several features on the information-dependent acquisition (IDA) scan mode. Figure 3

ZenoTOF 7600 system will be explained here to better shows the assembly of the primary ion rail components, through
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which the ions flow from left to right. As with all LC-ESI MS/MS

instruments, ions are generated in the source, the ion beam is

created and refined in the interface region, which comprises the
Figure 4. Diagram of the ionization process in the electrospray
electrode. Note that both positive and negative ions are produced
during the process. In this example, a positive voltage is applied,
causing negative ions to migrate to the edges of the electrode and the
positive ions to migrate to the center. The spray is not homogeneous,
so it is important to consider the position of the electrode and the

drying gas (GS2) when tuning the source parameters to maximize
signal intensity.

QJet and QO region, and ions are selected for product ion
analysis in Q1. In the ZenoTOF 7600 system, ions leave Q1 and
enter the EAD cell, which can trap and fragment ions or transfer
precursor ions to Q2 for CID-based fragmentation. In either case,
fragment ions enter the Zeno trap, where they are collected and
sent to the TOF accelerator in a mass-dependent manner. EAD-
based fragmentation will not be discussed in the context of
untargeted metabolomics in this technical note.

The Zeno trap functions by trapping ions generated by EAD- or
CID-based fragmentation. The Zeno trap is not used during TOF
MS scans because the ion current is already attenuated via ion
transmission control (ITC) and the likelihood of detector
saturation is high. Once the ions are trapped (t < 1 ms), they are
sequentially scanned from the trap to the TOF accelerator in a
mass-dependent manner. High molecular weight ions are
scanned out first and are followed by lower molecular weight
ions, such that they all arrive at the TOF accelerator at the same
time. This eliminates the mass intensity bias that results in other
instruments only taking a portion of the fragment ions. Once the
ions are accelerated into the TOF, the Zeno trap fills and repeats
the cycle. This process improves the instrument duty cycle and
~90-95% of all fragment ions hit the detector.

RUO-MKT-02-15367-A
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A key parameter to consider regarding the Zeno trap is the Zeno
threshold, which is a measure of the precursor ion intensity. If
the precursor ion intensity is below this value, the Zeno trap is
used and fragment ions from that precursor ion are trapped and
sent to the TOF accelerator. If the precursor ion intensity is
above the threshold value, the Zeno trap is not used. In this
case, the fragment ions that hit the detector without the Zeno
trap activated are scaled according to the set Zeno calibration
values. Therefore, the visualized data are corrected to what the
intensity would have been if the Zeno trap had been used.

Parameter settings for DDA experiments

The parameter settings for untargeted metabolomics on the
ZenoTOF 7600 system will differ from those used on other
SCIEX instruments. The primary reason for this is that the ion
path is different from other instruments due to the incorporation
of the EAD cell and the Zeno trap. For example, the EAD cell
and the Zeno trap occupy a portion of Q2 and therefore make
the collision cell shorter. Consequently, the collision energy (CE)
parameter setting should be higher than that used on other
SCIEX instruments to compensate for the shorter collision cell
dimensions.

Figure 5 shows a screencap of the parameter settings that were
optimized for untargeted metabolomics on the ZenoTOF 7600
system in the positive ion mode. For the experiments performed
in the negative ion mode, the absolute value for each setting is
the same and further discussion points are provided below. In
the sections below, many of the critical parameters are
discussed, starting with source parameters.

Spray voltage. Typically, the ESI voltage is set at or near its
maximum. It is essential to recognize that during ionization, both
positive and negative ions are produced (conservation of
charge). If a positive voltage is applied (for example, in positive
ion mode), positive ions will migrate toward the center of the
effluent stream and negative ions will migrate toward the walls of
the electrode (Figure 4). When the spray is created, the plume is
not homogenous. Negative ions will be at the outside edges of
the plume and positive ions will be at its center. This segregation
of the ions makes it essential to always adjust the position of the
probe on the ZenoTOF 7600 system. The position of the
OptiFlow Turbo V ion source does not need to be adjusted,
however, because its geometry is already optimized. Other key
source parameters include the nebulizing gas (GS1), which
affects droplet size, and the drying gas (GS2), which evaporates
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Figure 5. User interface screencap showing the specific recommended settings for global untargeted metabolomics experiments in the
positive ion mode. The experimental set up includes parameter settings for the source, TOF MS, TOF MS/MS and important considerations for IDA
criteria. These considerations include whether to use DBS and/or exclusion criteria. For the negative ion mode, the absolute value of each setting is the

same.

the solvent to generate gas-phase ions. Subtle changes in either
or both parameters can affect instrument sensitivity. In samples
with heavy matrix contamination, as is common in metabolomics
experiments, one can slightly lower the ESI voltage to reduce the
ionizing species that come from the matrix. With a high voltage
setting, highly ionizable species in the matrix may crowd out the
lower ionizable species and suppress the analyte signal.

Declustering potential. The declustering potential (DP) is the
voltage potential between the orifice and the front of the QJet. It
acts as the motive force to draw ions into the instrument and
helps disrupt any solvent clusters surrounding the ions. If the DP
setting is too high, it can lead to source fragmentation. For both
the TOF MS and the dependent TOF MS/MS portions of the
DDA experiment, the DP should be set to 40 V in untargeted
metabolomics experiments. lon intensity does not change
significantly with changes to DP but a higher setting (~60 V)
might be preferred for larger compounds. In contrast, small
molecules such as amino acids, are better analyzed at a lower
DP (~20 V). The 40 V setting is a middle ground and gives the
best results for a diverse set of analytes.

RUO-MKT-02-15367-A

The parameters below affect the ion flow through and fragment
generation by the ZenoTOF 7600 system. Differences between
TOF MS and TOF MS/MS experiments are explained.

Collision energy. The collision energy (CE) setting affects the
acceleration of ions through Q2. During CID, CE is responsible
for imparting enough energy to the ions to fragment when they
collide with nitrogen in the collision cell. However, CE also
serves as a motive force for ions in non-MS/MS experiments.
For the TOF MS survey scan in the DDA method, note that the
CE is set to 10 V, even though no fragmentation is desired. As
ions move along the ion path, they cool down. This is notable at
the entrance to Q2, where nitrogen gas is present and

BTRIES, BREGER — SCEXREFMAXE 27



FEFB E KA

Table 1. Effects of varying IDA criteria on the features identified, MS/MS events triggered, library hits, and cycle time.

porment 085 Exclusionliot Poake - Tgys” - Formula o % MSIMS with Average cyco
spectra purity score
Blank Yes No 3781 2319 2499 71 3.06 255
POS IDA Top 30 Yes No 6811 4435 4200 216 4.87 321
POS IDA Top 40 Yes No 6065 4184 3771 204 4.88 327
POS IDA Top 50 Yes No 5576 3978 3524 221 5.56 376
POS IDA Top 60 Yes No 4879 3524 3011 198 5.62 392
POS IDA Top 70 Yes No 4404 3294 2724 208 6.31 420
POS IDA Top 80 Yes No 4025 3060 2528 188 6.14 439
POS IDA Top 90 Yes No 3825 2918 2429 190 6.51 446
POS IDA Top 100 Yes No 3641 2838 2314 192 6.77 464
POS IDA Top 30 Yes Yes 5363 3614 3349 210 5.81 308
POS IDA Top 40 Yes Yes 4924 3510 3070 219 6.24 336
POS IDA Top 50 Yes Yes 4644 3398 2902 216 6.36 357
POS IDA Top 60 Yes Yes 4346 3264 2734 230 7.05 384
POS IDA Top 70 Yes Yes 4127 3134 2583 209 6.67 391
POS IDA Top 80 Yes Yes 4028 3114 2566 197 6.33 423
POS IDA Top 90 Yes Yes 3804 2937 2423 199 6.78 436
POS IDA Top 100 Yes Yes 3555 2783 2254 197 7.08 451
POS IDA Top 30 No No 5225 1808 3254 216 11.95 624
POS IDA Top 40 No No 4718 2139 2958 216 10.10 777
POS IDA Top 50 No No 4376 2319 2729 227 9.79 928
POS IDA Top 60 No No 4073 2485 2591 196 7.89 1082
POS IDA Top 70 No No 3820 2554 2435 203 7.95 1235
POS IDA Top 80 No No 3641 2616 2326 203 7.76 1380
POS IDA Top 90 No No 3336 2584 2123 212 8.20 1515
POS IDA Top 100 No No 3278 2685 2122 172 6.41 1651
POS IDA Top 30 No Yes 5120 3291 3220 264 8.02 629
POS IDA Top 40 No Yes 4765 3341 2978 246 7.36 773
POS IDA Top 50 No Yes 4366 3306 2793 244 7.38 915
POS IDA Top 60 No Yes 4089 3219 2596 218 6.77 1051
POS IDA Top 70 No Yes 3816 3095 2454 223 7.21 1181
POS IDA Top 80 No Yes 3573 3042 2241 217 7.13 1320
POS IDA Top 90 No Yes 3406 2915 2172 194 6.66 1449
POS IDA Top 100 No Yes 3189 2776 2063 198 7.13 1687
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collisional cooling is significant. By adding a small amount of CE
voltage, the ions are pushed through Q2 without significant
fragmentation and arrive at the TOF accelerator.

The CE voltage is set to 30 V for CID-based MS/MS analysis.
This value gives similar MS/MS spectra to the SCIEX
metabolomics library collected using SCIEX TripleTOF systems
(4600, 5600 and 6600 series). These instruments were run at 35
V with a collision spread of 15-20 V. Note that on the ZenoTOF
7600 system, the CE spread is set to 0, meaning that all the
spectra will be acquired at the designated 30 V. The main reason
for this, compared to the instrument settings using the TripleTOF
systems, is that it takes approximately 15-20 ms to enable the
CE spread function. The ZenoTOF 7600 system significantly
improves the instrument duty cycle, sensitivity and detection of
low m/z fragments. It was more advantageous to shorten the
accumulation time and decrease the cycle time to improve
coverage, than it was to use a collision energy spread.

Accumulation time. For global metabolomics experiments,
accumulation time is one of the most important parameters to
consider. In general, increasing accumulation time will improve
the signal-to-noise ratio (S/N), which improves the quality of the
MS and MS/MS spectra. Higher-quality spectra generally have
increased library hits. However, if the accumulation time is too
long, the cycle time of the DDA experiment is extended and
fewer MS/MS spectra are acquired. For the MS TOF
experiments, it was empirically determined that the best balance
is achieved using 0.100 s (100 ms) for untargeted metabolomics
experiments. At the MS/MS level, it was determined that 5 ms is
the best accumulation time. Although the latter setting might
seem too small, the ZenoTOF 7600 system was designed to be
fast (133 CID MS/MS per second, 133 Hz). The 8- to 10-fold
improvement in the instrument duty cycle from the Zeno trap
compensates and enables high-quality MS/MS spectra at high-
speed acquisition rates. In general, with this instrument, faster
accumulation times are better and there do not appear to be
significant gains in spectral quality at accumulation times >10
ms.

Zeno pulsing. The function of the Zeno trap is explained above.
By clicking the Zeno pulsing box, the Zeno trap will be activated,
provided that the precursor ion intensity is below the set Zeno
threshold. For untargeted metabolomics experiments, it is
recommended that the Zeno threshold is set to 20,000 cps.

IDA criteria. One of the more challenging aspects of any DDA
experiment is selecting the optimal settings that control which
precursor ions are selected for subsequent MS/MS analysis. In
SCIEX DDA experiments, this group of parameters is controlled
by the IDA criteria panel (Figure 4, blue box). To determine the
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best IDA criteria parameter settings, a series of experiments was
performed to vary the maximum number of candidate precursor
ions per cycle (“maximum candidate ions”), whether DBS was
used and whether exclusion criteria were enforced (Table 1). In
all experiments, the TOF MS and TOF MS/MS instrument
parameter settings were set, as shown in Figure 4.

The comprehensive dataset shown in Table 1 is separated into 4
sections, divided by the darker lines within the table. Each
section shows 8 experiments that were performed in the positive
ion mode, in which the maximum number of candidate ions was
varied from the top 30 to 100 candidates. The 4 sections differ by
whether DBS and/or exclusion criteria were applied. Each
variable and its effects on the data are discussed below. For this
type of experiment, no advanced IDA criteria parameters are
used.

1.  Maximum candidate ions. Ideally, DDA experiments are
designed to maximize the coverage of unknown molecules
while still maintaining high MS/MS spectral quality.
Balancing coverage and spectral quality are most affected
by the number of candidate ions chosen. Table 1 shows the
numbers of peaks (features) detected, peaks detected that
generated MS/MS spectra, Library and Formula Finder hits
and the average cycle time as a function of candidate ions.
Figure 6 shows a comparison of the MS/MS spectral quality
for tyrosine acquired with 30, 70 and 100 candidate ions
selected. From these data, the best number of candidate
ions was determined to be between 30 and 50. As the
number of candidate ions increased above 50, the number
of features identified decreased.

2. Dynamic background subtraction. DBS is a function that
improves the detection of precursor ions in a DDA
experiment. The algorithm creates an extracted ion
chromatogram (XIC) of the candidate ion over the preceding
data points. It takes the first derivative of the curve and
determines whether the candidate ion is at the apex of the
first derivative. If it is at the apex, the MS/MS-dependent
scan will be triggered. This algorithm is designed for small
molecules and minimizes redundant MS/MS collection.
Additionally, it reduces background contamination from
triggering dependent MS/MS scans.

3. Exclusion criteria. Exclusion criteria are parameters that
limit redundant MS/MS spectra from individual precursor
ions. At least 1 MS/MS scan should be triggered near or at
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Figure 4. Example MS/MS spectra from the DDA data obtained in Table 1. The MS/MS spectral quality is not affected by the use of DBS or exclusion
criteria. However, DBS or exclusion criteria are useful to limit false increases in features that result from redundant peak analysis.

the apex of the peak. If a product ion scan is triggered from the expense of less intense ions, except at the highest number of
a candidate ion, that precursor ion will be ignored for the candidate ions. In this case, the fewest peaks with MS/MS
exclusion period, which should be entered as half of the spectra and the fewest library matches are observed. In general,
peak width in seconds. Typically, this exclusion is triggered using either DBS or exclusion criteria in the acquisition method
after 1 or 2 triggered MS/MS scans. This feature works well will increase both the number of peaks with MS/MS data and the
for large- and small-molecule applications. number of library matches.

The effects of DBS and exclusion criteria on global Conclusions

metabolomics results are detailed in Table 1. The use of DBS

resulted in more features with MS/MS spectra, however, the * Source parameters, including the probe position, drying and

number of library matches from the data did not increase nebulizing gases and the electrospray voltage on the

correspondingly. As the MS/MS spectral quality was not ZenoTOF 7600 system must be optimized for untargeted

impacted (Figure 6), this outcome might be attributed to the metabolomics experiments. The optimization of these

spectral libraries used not including the lower intensity analytes. parameters can be affected by the flow rate and the matrix

The use of exclusion criteria without DBS resulted in slightly composition of the sample.

more library matches, as additional features included MS/MS
data. When no filtering is used for precursor selection, the most
intense ions will be continually selected for the MS/MS scans at

e Due to the unique hardware configuration of the instrument,
parameter settings, such as collision energy and

RUO-MKT-02-15367-A
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accumulation, must be adjusted to accommodate diverse
metabolites

e The ZenoTOF 7600 system is ideal for untargeted
metabolomics due to its speed, sensitivity, and ability to
perform complementary EAD experiments

RUO-MKT-02-15367-A
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SWATH DIA and library driven compound identification
revealed upregulation of flavonoids in Ocimum basilicum L.

flowers

Identification of differentially regulated metabolites using SWATH DIA

Marialuce Maldini', Kranthi Chebrolu?, Paola Montoro®, Luigi d’Aquino* and Christie Hunter?
'SCIEX, Italy, 2SCIEX, US, 3University of Salerno, Fisciano (SA), “ENEA, Portici (NA)

Indoor plant growing is increasing in urban environments to deal
with increasing soil loss and to shorten food chains. Light is
among the most important environmental factors to be
addressed in indoor cultivations, since it is the main driver for
basic plant processes such as growth and development but also
for directional movement, circadian rhythms, seed germination,
etc. Different plant species are differently affected by light
conditions (spectra, photon flux, light / dark ratio) and different
phenological stages display different optima about light
conditions. A better understanding of the effect of different light
wavelengths on plant growth and development in indoor
environment is, therefore, needed to better drive plant
cultivation." Metabolomics has served as a powerful tool to
elucidate gene functions, enzyme activity and provide a detailed
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Figure 1. Deconvoluted MS/MS spectrum matching with library
spectrum. (Top) The blue colored spectrum is the deconvoluted MS/MS
spectrum from the SWATH acquisition data which is overlayed with raw MS-
MS spectrum (pink) for parent mass 464.0876 at 5.9 min. (Bottom) Grey
colored spectrum represents MS/MS spectra of Hyperoside from NIST library.
The fit and purity score of 99 indicate the confidence of the identification for
hyperoside from the library match.
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blueprint of overall plant health. In this study, basil (Ocimum
basilicum L.) was grown from seedling to flowering stages in a
new concept microcosm (EP 3 236 741 B1) in which the effects
of different light spectrums on the growth and metabolome of
different plant parts are investigated.> ® SWATH DIA, a data
independent acquisition workflow, was used to generate a
comprehensive signature of the metabolome of each sample.

In the previously proposed metabolomic workflow, the
untargeted identification step was avoided by reduction of total
number of features to a smaller feature list that are significantly
different across biological samples.? Later, a complete
compound annotation of a selected feature list is carried out
through targeted identification using library spectral match.

Here, an untargeted data processing pipeline was used where
all unknown features present in data that match with library
spectrum are identified prior to performing multivariate statistical
analysis. High confident identification of features utilizes MS1,
MS/MS and deconvoluted spectrum for library spectral
matching (Figure 1).
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In the current workflow, metabolites identified with high
confidence in SCIEX OS software are plotted in MarkerView
software to visualize statistical differences through PCA-DA and
volcano plots. A great similarity in identified features in the
proposed workflow (SCIEX OS to MarkerView software) to the
conventional workflow (MarkerView to SCIEX OS software)
illustrates a robust data processing workflow.?

Key features of data acquisition and
processing workflow

e Metabolic features from high-resolution, accurate mass MS
and MS/MS data acquired using SWATH DIA were identified
by leveraging spectral libraries in SCIEX OS software.

e Natural products HR-MS/MS and NIST libraries were
used to identify key metabolites with high confidence

¢ |dentified metabolite panel were passed through to
MarkerView software for multivariate statistical analysis
including PCA and T-test

e Graphical displays allow easy determination of
differentiating metabolites

Methods

Sample preparation: The plants were cultivated for
approximately 60 days under either white (W) or blue/red (B/R)
light. The top leaves (apical, Ap L), middle leaves (median, Me L)
and inflorescences (flower) were harvested and extracted with a
solution of 1:1, ethanol/water. A Sep-Pak C18 was used to
extract chlorophyll.2

Chromatography: An ExionLC system equipped with an HSS
T3 column (100%1.0mm, particle size 1.8um, Waters) was used
for metabolite separation at a flow rate of 0.45 mL/min.2

Mass spectrometry: Data were acquired in positive and
negative modes using a TripleTOF 6600 system using SWATH
DIA. Details of the acquisition strategy are summarized in this
technical note.?

Data processing: SWATH DIA data were processed in SCIEX
OS software 1.6 using the Natural Products HR-MS/MS,
Accurate Mass High Resolution and NIST spectral libraries.
Feature identification step was conducted using a non-targeted
workflow through Analytics section in SCIEX OS software.
Sample data (.wiff files) were uploaded in Analytics, and a new
processing method was created using a representative quality
control sample. In contrast to the first technical note, here the
metabolites were first identified, and then identified metabolites
were used in the statistical analysis to find differentiating
features. For this workflow type, non-targeted screening was
selected, and components selection can be left blank (Figure 2).
In the Library Search section, the Smart Confirmation Search is
selected for the library search algorithm. Purity was selected for
how the results would be sorted. Then, all the libraries used in
compound identification were selected.

The mass tolerance for both MS and MS/MS was set to 0.02 Da
(Figure 2). Finally, the polarity box was checked which enables
the software to recognize the mode in which data is acquired.
Under flagging rules, Mass Error (ppm), Library hit score and
Formula finder score boxes were selected, and appropriate
weighting percent are input in the boxes while the percent
difference isotope ratio is optional.

T

. ot et

m e e e wim o v

Figure 2. Building a processing method for non-targeted metabolomics workflow for SWATH DIA data. The left panel depicts the selection of
workflow type and selection of a representative sample for building a processing method. In the middle panel, the components section can be left empty
or only first row should be filled with a known endogenous compound. The right panel shows the parameter settings, where smart confirmation search is
selected. The results are sorted by purity of the spectrum. All libraries that are relevant for the sample types are selected, and precursor and fragment
mass tolerances are selected as 0.02 Da. Finally, by checking the polarity box, software recognizes the polarity mode in which SWATH DIA data is

acquired.
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In Formula Finder section, since these are plant samples, only
naturally occurring compounds option was chosen because the
data acquired is on plant samples. In Max element section, S
(sulfur) was de-selected because sulfur compounds are
uncommon in plants. Under non-targeted peaks, the retention
time range was set to 2 min to 26 min, peak detection sensitivity
was set to two steps away from “exhaustive” to avoid peak
detection at noise level.

The result file consists of features that are identified through
MS/MS spectral matching with library at various confidence
levels, and features with only MS spectrum alone. The features
that were identified with high confidence were exported from
SCIEX OS software. Further, these identified features were
copied into Excel where a vlookup function was used to
consolidate the data into a single list of unique compounds with
peak areas from each sample associated.

After consolidation of the data, this data was imported as text
into MarkerView software for multivariate statistical analysis and
generation of 2D graphical plots.

Comprehensive data collection using
SWATH DIA

The study of the metabolome is key to understanding the basic
biological mechanisms that regulate plant growth and stress
responses, however the metabolome is highly complex and
comprehensive interrogation is difficult using traditional data

dependent approaches. The SWATH DIA workflow was used
here because it can acquire high-resolution MS and MS/MS data
on all detectable precursors in the sample.?2 The method is
sensitive and reproducible and provides a comprehensive view
of the metabolome using a relatively short 30-minute run. Both
the high-resolution MS and MS/MS spectra are used for
metabolite identification by library search (Figure 1), and
quantitative peak areas can be obtained from both the MS and
MS/MS data.

Identifying metabolites using library
matching

Feature identification through library matching was performed
using Analytics in SCIEX OS software, using the NIST 2017,
Natural product and Metabolite_ HR-MS-MS libraries. Overall,
508 metabolites were identified across the dataset with high
confidence.

Hyperoside (Quercetin 3-galactoside/Hyperin), m/z of 463.0891
eluted at chromatographic retention time of 5.87 min, was one of
several features that was identified with very high confidence
using NIST library MS-MS spectrum that showed significant
difference apical leaves to flowers (Figure 3).
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Figure 3. Results from library search in Analytics module of SCIEX OS software. Result file consists of sample name, component name (m/z and
retention time information), library hit, compound ID, the data used to search the feature and library confidence and formula confidence. SCIEX OS
software provides flexibility of sorting the compounds with high library confidence and formula confidence.
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Statistical analysis of identified features
through MarkerView software

The peak areas of metabolites identified with high confidence
from the library search performed in SCIEX OS software were
formatted in excel and imported into MarkerView software for
multivariate statistical analysis.

Figure 4 (left) displays the Scores plot (left) for Partial Least
Squares Discriminant Analysis (PLS-DA) and Loadings plot
(right) for all the biological replicates studied to understand
compounds that significantly differentiate sample groups and
replicates. Features with higher D1 and D2 loading scores are
more differentiating. On a closer examination, flower samples
exposed to white or blue/red light have (Figure 4, left) clustered

together in second (top right) and fourth (bottom right) quadrants
and clearly separated from the leaf samples exposed to white of

blue/red light.

Several other compounds, luteolin 7- glucoside, betulinic acid,

JEFR K EF

salvianolic acid and cichoric acid seem be more important

compounds that are separating flower and leaf samples apart.

T-test analysis

Next, the pairwise t-test was performed to find specific

differences between individual groups of interest. Figure 5 (left)

shows the volcano plot with log fold change on x axis and p-

value on y axis constructed from a pairwise t-test for 2 groups
from batch 2, specifically the apical leaf samples grown under

white light (AP L_WL) and the flower samples grown under white
light (F_B/R). Compounds with a low p-value and high fold

change are ones that differ in abundance between the groups
with high confidence. Hyperoside and salvionic acid with p-value
< 0.05 and fold change = 3, are compounds of interest for future
experiments. Furthermore, about 85% of all the compounds in
the Figure 5 (left) in red text were comparable to those identified

in the previous work with the alternative workflow*® suggesting

All the metabolites that have contributed to sample variation are
! v ou ple vanatl robustness of both data processing workflows.

displayed on the Loadings plot (Figure 4, right) by compound
name, library from which it was identified, and the identification
algorithm. For instance, hyperoside had higher D1 and D2
scores making it one of the key compounds differentiating
flowers exposed to different wavelengths as opposed to leaves.

Peak area response plots comparing peltatoside (Quecetin-3-O-
arabioglucoside) and luteolin 7- glucoside for apical leaves and
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Figure 4. PCA analysis of identified metabolites from SWATH DIA data. (Left) Scores plot. PLS-DA showed the distinguishable segregation of
flower (F) and apical leaf (AL) samples exposed to white and blue/red right wavelengths. (Right) Loadings plot of supervised multivariate statistical
analysis (dimension reduction), shows all the compounds identified with high confidence that were used in performing PLS-DA. From the PLS-DA
plots, the compounds that are highlighted in red color seems to have significantly impacted the groups that are observed in the score plots.
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Figure 5. T-test analysis of leaf vs. flower grown under white light. The volcano plot (left) provides both statistical significance (p-value) on the
Y axis and fold change for compounds on x-axis used in t-test. The compounds names marked in red are same compounds identified from the
interest list generated from MarkerView software in previous technical note?, suggesting the robustness of the of both workflows. Area response
plots (right) from various samples depict higher levels of peltatoside and luteolin 7- glucoside in flowers compared to apical leaves.

flowers exposed to white light showed higher levels of these
compounds in flowers as opposed to leaves (Figure 5, right).

In this study, popular flavonoids such as hyperoside, peltatoside,
naringenin, quercetin, luteolin glucosides are upregulated in
flowers. It can be also established that flowers either exposed to
white or blue/red light have shown higher levels of flavonoids
than leaves. Flavonoids are well known for their UV protection
and their functional role ROS scavenging under high light stress
conditions.® Additionally, these compounds are largely
responsible for colors and aroma of the flower.” Further, it will be
interesting to investigate the role of Eriodictyol-7-O-glucoside in
flower tissues due to its relative abundance in flowers exposed to
white light compared to blue/red light.

Conclusions

In this study, O. basilicum plants grown under different light
wavelengths and SWATH DIA was used to examine the
metabolic changes that occurred in different plant parts. Here, an
alternative data processing approach was used for metabolite
identification through library searching in SCIEX OS software.?
Then the identified metabolites were analyzed using MarkerView

RUO-MKT-02-14667-A
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software to find the differentially regulated plant metabolites.
Both workflows are supported within SCIEX OS software.

e Rich dataset for untargeted plant metabolomics was
collected using data independent acquisition (SWATH DIA),
providing high-resolution MS and MS/MS data for all
detectable precursors in a sample in a single run

e Metabolites were identified using a library searching that
leverages the MS and MS/MS from SWATH DIA data

e  Statistically significant metabolite differences and trends
were easily visualized using MarkerView software, using the
various multivariate statistical analysis and visualization
tools (PCA, PLS-DA, t-test) to distinguish biological
samples. With this workflow, metabolite names are
displayed rather than m/z / RT features with the previously
described workflow.?
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Analysis of untargeted metabolomics data from an
untargeted Zeno data-dependent acquisition (DDA) workflow

using SCIEX OS software

A metabolomics data processing pipeline for DDA data acquired on the ZenoTOF 7600 system

Rebekah Sayers', Robert Proos? and Paul RS Baker?

'SCIEX UK; 2SCIEX US

This technical note describes the best practices for analyzing
untargeted metabolomics data acquired using the ZenoTOF
7600 system. Previous work has provided a step-by-step
overview of instrument parameter settings to obtain optimal
untargeted data'. This work explains the settings and the subtle
changes to the processing method in SCIEX OS software that
are needed to maximize coverage of the metabolome.

Metabolites are chemically and structurally diverse compounds
that are found endogenously at a wide dynamic concentration
range, which makes the metabolome challenging to characterize.

Biclogical .
hypotheses =

Figure 1. Targeted and untargeted metabolite screening workflows
on the ZenoTOF 7600 system.
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Mass spectrometry is typically used for metabolomics analysis in
complex biological samples. DDA is a commonly used analytical
technique for untargeted metabolomics to detect and potentially
quantify all metabolites in a sample (Figure 1). In this
experiment, a TOF MS scan detects all precursor ions within a
specified mass range, and MS/MS scans are triggered for those
precursors that pass pre-defined criteria. Based on adjustments
to the criteria, an ideal experiment should provide as much
coverage of the metabolites as possible, while maintaining good
MS/MS spectral quality. A complementary technical note
detailing the optimal instrument parameter settings for DDA
analysis using the ZenoTOF 7600 system is available online.

Many metabolites are present at low endogenous concentrations
due to the nature of the metabolome, which can lead to low-
quality spectra and poor coverage. However, the Zeno trap
provides significant gains in MS/MS sensitivity and improves
MS/MS spectral quality. The use of the Zeno trap can therefore
result in higher confidence spectral matching and greater
metabolite coverage. Spectral matching is currently reliant on
libraries obtained from instruments without a Zeno trap.
Therefore, the processing methods must be optimized to realize
the true potential and impact of the data.

Key features of processing Zeno DDA data
using SCIEX OS software

¢ An untargeted metabolomics workflow with the Zeno trap
enabled provides high-quality MS/MS spectra

e Current MS/MS spectral libraries contain fragmentation data
acquired on platforms without a Zeno trap, which differ in the
ratio/intensity of fragment ions

e To maximize the impact of metabolomics data acquired on the
ZenoTOF 7600 system, specific parameter settings within the
data processing method should be used
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Methods

Sample preparation: NIST SRM 1950 plasma was extracted
using 4 volumes of ice-cold methanol. After centrifugation to
separate the precipitated proteins, the supernatant was directly
analyzed by liquid chromatography electrospray ionization
tandem mass spectrometry (HPLC-ESI-MS/MS).

Chromatography: Samples were analyzed using an Exion LC
system with a Kinetex F5 column (2.1 x 150 mm, 2.6 pm,
Phenomenex). A simple linear gradient from 0 to 95% B was
used with standard reversed phase mobile phases at a flow rate
of 200 pL/min. Mobile phase A was 0.1% formic acid in water
and mobile phase B was 0.1% formic acid in acetonitrile. A 1 pL
injection volume was used and the column temperature was
maintained at 30°C throughout the analysis. The total runtime
was 20 min.

Mass spectrometry: The extracted sample was analyzed on the
ZenoTOF 7600 system equipped with the OptiFlow Turbo V ion
source. Data were collected using a top-40 DDA method, with
dynamic background subtraction (DBS) and exclusion for 6 s
after 3 occurrences. The method used a TOF MS accumulation
time of 100 ms, collision energy (CE) of 30 V and a TOF MS/MS
accumulation time of 5 ms. For a detailed explanation of
parameter settings used for DDA analysis on the ZenoTOF 7600
system, see reference 1.

Data processing: All data were analyzed using the Analytics
module in SCIEX OS software. The MS/MS spectra were
compared to the library spectra using the SCIEX All-in-One HR-
MS/MS library version 2.0, SCIEX Accurate Mass Metabolite
Spectral Library version 2.0 and NIST 2017 MS/MS library.
Statistical analysis was performed using MarkerView software.

SCIEX OS software: Project Default Settings

Quantitative processing paramefters (peak
integration)

SCIEX OS software can be used to process all data types
acquired on both triple quadrupole and QTOF instruments, and
processing parameters can be adjusted depending on the type of
analysis and data processing used (Fig. 2). SCIEX OS software
has 3 integration algorithms that can be used to integrate peaks.
These options are listed in the Project Default Settings in the
Analytics module of SCIEX OS software (Fig. 3).

MQ4: This algorithm selects a low, but not the lowest,
concentration standard or quality control sample as the
representative sample for the analytical run. This algorithm

RUO-MKT-02-15619-A

requires some user input to define the integration parameters but
can enable faster searching. This algorithm is therefore
preferentially used for targeted and untargeted identification
workflows.

AutoPeak: This algorithm selects a high, but not saturated,
concentration standard or quality control sample as the
representative sample of the analytical run. Chromatograms
within the batch being processed are evaluated to determine
which sample is the best peak model for each transition. The
peak model is constructed based on a model of 3 Gaussian
peaks. This algorithm requires little user input because few
parameters are adjustable. This is the optimal choice for targeted
quantitative analysis.

Summation: This algorithm does not perform a normal peak
search and instead assumes that a peak is present close to the
expected retention time. This algorithm works well with flow-
injection analysis (FIA) or infusion data.

When performing quantitative mass spectrometry data
processing, it is important to determine whether a given peak is
significant and exceeds background noise. There are 3 signal-to-
noise algorithms available in the software, including relative
noise, standard deviation and peak-to-peak. The latter 2 require
the noise region and the peak of interest to be selected on the

Define project default
sattings for peak integration
and qualitative processing

|

¥

Untargeted Screening

| Targeted Identification |

w

| Components List |

L
| Integration Parameters |

Library search parameters

Flagging rules

I

Formula finder

|

Mon-targeted peaks

Results table

Figure 2. Process for defining processing parameters in
SCIEX OS software, according to workflow
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Figure 3. Project default settings. Top: Peak integration and signal-to-
noise algorithms and Bottom: library searching algorithm, filtering and
scoring settings.

chromatogram and are therefore not suitable for untargeted data
analysis. The relative noise algorithm provides a less subjective
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means of determining signal-to-noise calculations and allows a
background to be calculated even when no peak-free part of the
chromatogram is available.

For targeted and untargeted metabolite screening, the MQ4
integration and relative noise algorithms should be selected.

Qualitative processing method parameters

The quantitation and targeted identification workflow can be used
for both the quantitative and qualitative analyses of known
analytes and uses library searching to confirm the identity of
analytes in the sample. There are 3 types of library searches that
can be performed.

Candidate search finds the best spectral match from all
compounds in the selected libraries. This search will take the
longest time to process.

Confirmation search uses the name in the components list to
match against compound names in the libraries. The name in the
XIC list must exactly match the name in the library or no hit will
be found. This should only be used in a targeted identification
search, where the target list has been generated from the library
compound list.

Smart confirmation search first searches for matching names,
and then searches using the spectra if no match is found. Smart
confirmation search is recommended for this workflow as the
processing time will be the same as the confirmation search if
the compound name exists in the library. This search strategy
comes with the added flexibility to perform candidate searching
when needed. This is the most used search algorithm.

Once the results have been obtained from the library search, it is
important to assess the confidence of each of the identifications.
There are 3 scores can be computed to sort the results.

Purity score uses all peaks from both spectra when calculating
the score. A high value indicates a high probability that the
unknown spectrum has been correctly identified and does not
contain significant amounts of peaks from additional compounds.
A lower value indicates that the match is less certain or
additional fragment ion peaks from another compound are
present in the unknown spectrum. This is the most used method
to sort results.

Fit score is calculated based on the library spectrum and it
ignores peaks that are present only in the unknown spectrum.
The fit score describes how well the library spectrum is
represented in the unknown spectrum. A high fit score with a low
purity score indicates that the unknown spectrum is likely impure
but contains library compounds.
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Reverse fit score is calculated based on peaks that are present
in the unknown spectrum and it ignores peaks present only in the
library spectrum. The reverse fit score describes how well the
unknown spectrum is represented in the library spectrum.

Default settings for quantitative processing and peak integration
should be set for each project and cannot be altered within the
processing method. Qualitative processing method parameters
can be set for the project and can also be modified in the
processing method.

SCIEX OS software: Targeted and non-
targeted metabolite screening

When performing untargeted data analysis, select either the
quantitation and targeted identification or non-targeted screening
workflow. The selected project default parameters are used for
peak integration and are saved in the processing method file.

For targeted identification, a component list must be entered.
This can be inputted manually, imported from a text file or
generated from a library database. Inputting the chemical
formula and selecting the adduct/charge will automatically

calculate the precursor mass (Da). The peak integration will then
be performed using an example data file. This can be reviewed
before proceeding or found later in the results table.

If non-targeted screening is used, a component list can be used
if desired but the non-targeted search parameters must be
defined. If the processing method contains the targeted analytes,
then the customized integration parameters for the targeted
components will not affect the non-targeted peak integration. To
change the project default parameters, the user must create a
new non-targeted method. If the parameters are changed in an
existing method, the changed parameters will not be
implemented.

Library search parameters

Library search parameters have a big impact on the coverage
and the quality of spectral matching (Fig. 4). Precursor mass
tolerance, collision energy, retention time and polarity settings
can be used to filter the data. Precursor mass tolerance should
be set according to data type. For accurate mass data acquired
on a high-resolution instrument, the precursor mass tolerance
should be set to 0.02 Da. Unchecking the Collision Energy and
Collision Energy Spread boxes will allow more spectra to be

10120.qmethod
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Figure 4. Library search parameters for DDA data acquired on the ZenoTOF 7600 system
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returned. Using CE and CES is recommended if the
experimental conditions are the same as those used to build the
library, as this will return the most reliable results. Retention time
(RT) should only be selected if the search is against a library that
includes RTs and if the same chromatographic separation
conditions are used. Metabolomics data are typically acquired in
both polarities, so selecting this filter will allow library
components to be matched correctly to data acquired in the
same polarity.

These settings will determine which spectra in the library will be
evaluated against the acquired spectra. Good filtering will
improve processing time and reduce false positives. Incorrect
filtering will cause false negatives. The remaining parameters will
affect how the results are scored. Fragment mass tolerance,
intensity threshold, minimal purity and intensity are important to
consider when comparing data to a library acquired without using
the Zeno trap because of differences in the intensities of
fragments.

Intensity threshold sets which fragment ions are used in the
search. The default 0.05 value corresponds to 5% and any peak
below 5% of the base peak will be ignored. This value can be
used to remove small noise peaks from the spectrum and
improve purity scores. Decreasing this will allow more of the

might be important to identify a compound. For processing our
Zeno DDA data, this number is set to 0.025%.

Minimal purity indicates how well the sample and library spectra
match. All peaks from both spectra are used. High values
indicate a higher likelihood that the unknown spectrum has been
correctly identified and that it does not contain significant
amounts of peaks from additional compounds. Lower values
indicate that the match is less certain or that fragment ion peaks
from another compound are present in the unknown spectrum.
Increasing the value of this setting reduces the frequency of
lower quality hits.

Intensity factor compensates for differences in peak height
between the unknown spectrum and the library spectra. The
larger the intensity factor, the greater the difference allowed
between the unknown spectrum and the library while still getting
a high score. Increasing this value will remove the significance of
relative intensity. When comparing spectra generated with the
Zeno trap, the intensity factor should be set to 20 to reduce the
importance of variation in the ratio of fragment ions between the
unknown and the library spectra. Increasing the intensity factor
also increases the purity and these settings change the score
calculation. A low intensity factor can yield low scores for true
hits, whereas a large intensity factor might introduce false

smaller peaks to be considered during spectral searching, which positives.
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Figure 5. Confidence level settings. Found under the Flagging Rules tab, these settings enable easy identification of compounds in the
results table that may require further investigation before assigning identity
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Confidence level settings — Flagging rules

Confidence level settings establish the acceptable boundaries by
which data is matched to the spectral libraries and are used to
filter any proposed metabolite identifications and characterize the
quality of the match. These levels can be set in the Flagging
Rules tab (Fig. 5). A score is calculated for the sample
metabolite for all criteria selected. A combined score can be
generated based on weighting all parameters. The weighing of
each qualitative rule can be adjusted according to the number of
rules but should total 100%. The results table can be filtered
using this traffic light system in which metabolites that fall within
the defined confidence intervals will be highlighted in green for
acceptable, yellow for marginal and red for unacceptable.

Qualitative rules include mass error (ppm), fragment mass error
(ppm), error in retention time, % difference in isotope ratio,
library hit score and formula finder score. When performing
targeted identification, all but the fragment mass error qualitative
rule can be selected. To include a fragment mass error, it must
be entered in the components list.

Formula finder

The formula finder algorithm tries to predict the possible
chemical formula based on the MS and MS/MS spectra,
precursor mass accuracy, isotopic pattern and MS/MS
fragmentation.

Formula predictions are made from a defined list of elements
and mass tolerance that can be found under the Advanced Tab
(Fig. 6). First, select from either naturally occurring compounds
or synthetic compounds. In either case, the type of element
and/or number of elements to consider must be entered in the
Limits section. Proposed formulas are scored based on
precursor mass accuracy and average MS/MS mass accuracy of
matching fragments. The MS spectrum contributes 67% to the
final formula finding score and the MS/MS spectrum contributes
33%. As a result, the ability of the formula to predict the MS
mass is the primary influence on the score. However, the
matching of the MS/MS fragments also influences the score. The
isotope pattern is used to generate the list of found formulas but
it is not used to generate the final score. Therefore, a formula
with the wrong isotope pattern will probably not be included in
the list. A list of possible formulas is determined using precursor
mass accuracy, isotopic pattern and MS/MS fragmentation. A
high formula finding score does not guarantee that the sample
compound is the one identified by the formula finding algorithm
because several formulas often match within the mass error.
Care must be taken and other confirmatory testing must be done
before a compound is identified using formula finding.

SCIEX OS software: Results

After defining the required algorithms and processing parameters
discussed above, a results table will be generated (Fig. 7).
Extracted ion chromatograms (XICs) are generated for all

[MQ4] Modify Method

Configure the Formula Finder options that are used to identify compounds

Workflow
Components +/| Use Formula Finder
Integration Type of Compound

Library Search
) Man-Made Compounds

Calculated Columns ) Other

Flagging Rules Limits

Formula Finder >

Max. Element

Mass Tolerance 3

@ Naturally Occurring Compounds

C50 H200 N10 ©10 55 PS

ppm

Fig 6. Formula Finder settings. An empirical formula can be predicted based on the TOF MS and TOF MS/MS spectra
acquired for DDA experiments. These predictions are influenced by the limits on the elemental composition and mass tolerance

settings

RUO-MKT-02-15619-A

EMTRIES, RN AEGER — SCIEX RIFAFMAXE 43



JEFRECIHESF

Ty EBoPESS v Flerw 12 o Ousilfyfoe Fuied Foters H: *EH ] B DEBEE Dl M B E D
| | I -
| | [T —— ‘rl
s IR S B (== Bt bm B B oo Bl o
= | = |
jrm e e T T
M THEI B B | L Yymemns L Fyreaing jHET .t T T T~ TR T TE TR o | oW W o Chomol  DwiiG)  BARE | SLPeY
[ g 2P DI | T i M Vgl MY EE o4 o | W W W o MW L
193 1R i B L. | Deargini TR LI Sreive [ Sedtresen] B0 XPTT R N T EFT T ] v | W W v oHan EE LI TR
100 | TiEi o DA | RemgLpgming [P — A Ty R RIt] T R LY, o o ' R e T B
W0 VTP DA AN etk s | w04 LEAE  1RIATY 10T BT L4 L L WO R e
W Lodrgiria Re—— #a piaad MAe | 1MaE eF oF | | W W Cleand GRIE B0
S R—— B SR BT R P ] o | | e i e e oa
Ppwchadanacarton b s Py dorc bawpts (' el 330 1Mot 27 | W W Ot w8
i~ g —— i r e aroTes o I I I I T Y ST | e
o Lot Leiutatent . withe  l4fam . atofey oA R T ST R T N E e
= Lostn fortul i T TE T T O R R T T T WE w
Cries | Cesees M aTesad. TRNGD AT £3 o Tt T e Toeamn MNE BT -
s : *
@ O S O P e
R [ i s 2082100 - LAty 160 PR it Wi A e U 102 Fos A5 Farmen E9E3 i £.00% winy A S o P V159 P 100 s BON D+ 1 £ 308
o e T B, migh: 1 ADEA T AT i A 00 T A libuary fprwarm |-Aresylcurmitne (R0 K-8 (1 adlvé)
ciien FALUM 120 ¥
| h, 1503
Lipartad B 1M1 e 1 : o
L Eel = ety || Lo
(ToPoe p— i 0 veend -3 36128 & BIBENE | go0 ooy VLD ETT AL L]
& 1 | ¢ L | i o | et 1
PRI £ ! - '
» § | £ St a
| 3 3%
[ VI S - % P Hbed 4 | ||I g
4 Jas
A P T L 1 e T L | S————— 103 I - : .
N g Tl ol 13 08 17 08 B3 40 A1 42 43 44 WD 0 M I e W7 e 1% = el
Temn. i M Thage Su Mt Changn, S
Lo o Wedma u pam * toah Drisn * loemie lams Bt EIER ~Lovituctox =
[P - wa » Foevarsce s Wuss Lo e Frboarion Tae feied boa Kall Mo Foromals Siom muiDal  Geeripprd 1 Warse CAME Foemeds WM Dl T
ki el VAl > e’ Rsn L) L7 L %, ] CEHiT0s 4 MATINE iR b W tdidarssee WM0MEE Crhite D51 HT 9

Figure 7. Results table generated from a targeted identification workflow in SCIEX OS software. Results have been filtered to show only those

meeting the highest confidence for each criterion.

metabolites in the library based on thresholds set by the user,
such as formula and expected retention time of all target
analytes. The MS and MS/MS information is automatically
evaluated if the detected XIC signal exceeds the user-defined
intensity threshold or signal-to-noise (Figure ). Data processing
results are ranked based on 4 selectivity criteria to provide a high
degree of confidence in assigning compound identifications to
detected compounds:

Retention time matching
Mass accuracy

Isotope pattern fit
MS/MS library searching

In addition, the peak intensity of the analyte can be compared to
that of a standard sample of known concentration to obtain
quantitative information.

Formula finder results are shown in Figure 7. Clicking on
Formula Finder Results will show additional potential candidates.
The chemical structure of the selected formula finder results is
also shown in the table if the compound has been updated from
ChemSpider. By clicking on the ChemSpider icon in the results
table, a ChemSpider session is initiated, and a list of all
suggested compounds that match the selected formula will be

RUO-MKT-02-15619-A
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generated. Selecting a compound in the results list in the app will
display the chemical structure, acquired vs matched spectra and
a table of matching fragments, together with their mass errors
and elemental composition

MarkerView software: Statistical analysis

The MarkerView software is designed to allow the data from
several samples to be compared so that differences can be
identified. The program uses multivariate analysis (MVA)
techniques to compare the samples and provides both
supervised and unsupervised methods (Figs. 8 and 9).
Supervised methods use prior knowledge about the sample
groups (for example, healthy vs diseased) to determine the
variables that distinguish the groups. In contrast, unsupervised
methods allow the structure within the data to be determined and
visualized. The 2 approaches can be combined, for example, as
unsupervised methods can be used to determine the groups and
then supervised methods can be used to confirm the important
variables.

The first stage of data analysis is to perform an unbiased review
of the detected features. Using the wizard, the raw data files
(*.wiff or *.wiff2) are imported into the software without any prior
processing. Data can be assessed by performing a PCA
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Figure 8. Unsupervised PCA Analysis. Panel A: Two groups of data, for example treated Vs. control samples can be
processed via PCA analysis to identify outlier metabolites in the treated group from the loadings plot. These data can be
visualized by highlighting the data point(s) form the loadings plot and to generate either a profile plot or a box and whiskers

plot as shown in Panel B.

analysis. The resulting scores and loading plots enable us to
check data reproducibility and quickly identify any outliers. A t-
test between groups of interest can show differences between
individual features across samples. A volcano plot of p value vs
fold-change highlights any significant changes across the
samples. These metabolites can be added to an interest list.

RUO-MKT-02-15619-A

These processing steps are used to identify putative features of
interest. Data must then be processed in SCIEX OS software
using a spectral library to identify the selected features.

Once the features have been identified, a second statistical
analysis using the peak list of identified metabolites can be
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performed. When the peak list is imported into MarkerView
software, the names of the metabolites are shown instead of the
feature’s m/z and RT. PCA analysis and t-tests on our sample
sets. The resulting volcano plot shows which metabolites have

the largest fold-change and which are significantly different
between the samples. This approach can enable fast
identification of features of interest, which may reveal important
biological insights.
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Figure 9. Volcano plot data visualization form MarkerView software. Data can be visualized via a volcano plot (Panel A),
and as in figure 8, highlighted data can be visualized quantitatively as a profile plot or a box and whiskers plot as shown in (Panel

B).
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Conclusions

o High-resolution, accurate mass MS/MS data acquired on the
ZenoTOF 7600 system at a fixed collision energy may not
match as confidently to spectral libraries acquired without the
Zeno trap. Herein, optimized parameter settings are provided

o SCIEX OS software allows targeted identification and
quantitation and untargeted screening of metabolites. This
high degree of flexibility enables the user to optimize
processing parameters for a given workflow and/or data type.

e Algorithm and processing parameter choices will impact how
many metabolites are confidently identified when comparing
Zeno DDA data with conventional spectral libraries

o MarkerView software together with SCIEX OS software
provides a complete solution to a metabolomics workflow
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MS-DIAL software parameters for processing untargeted
metabolomics data acquired on the ZenoTOF 7600 system

Cagakan Ozbalcit, Paul RS Baker?, and Rebekah Sayers!
ISCIEX, UK; 2SCIEX, USA

This technical note demonstrates the importance of parameter
settings in MS-DIAL version 4.92 to process untargeted metabolomic
data acquired using the ZenoTOF 7600 system. Previous technical
notes!-2 have shown the importance of instrumental settings for data
acquisition and best practices for data processing using SCIEX 0S
software to produce the highest quality data with broad
metabolome coverage. However, different software programs have
different algorithms that process data with uniquely defined
parameters and settings (Figure 1). Furthermore, parameter
settings can be instrument-dependent, which requires
comprehensive testing to determine the best parameter settings for
a particular data set. Herein, MS-DIAL 4.92 software3, a widely used
processing tool for metabolomics and lipidomics data analysis, was
used to interpret untargeted metabolomics data. Parameter settings
were sequentially adjusted through iterative data processing to
reveal how setting changes affect metabolomics results. Optimal
MS-DIAL software parameter setting values are presented for data
acquired using the ZenoTOF 7600 system.

Number of Number pe—
matches? of “true”
matches
29 HF

= ==
T ]

Key features of optimizing MS-DIAL software

parameters for processing metabolomics data
acquired using the ZenoTof 7600 system

MS-DIAL software rapidly processes untargeted
metabolomics data acquired on the ZenoTOF 7600 system

The high sensitivity of the ZenoTOF 7600 system enables
low threshold settings within MS-DIAL software that
improves the overall coverage of the metabolomics

experiment

MS-DIAL software is compatible with most metabolomic
compound libraries

Figure 1. A major bottleneck for
untargeted metabolomics workflows is time
spent data processing. Understanding the
software-specific parameter settings and
how they should be adjusted to
accommodate specific instrument data is
essential to maximize coverage while
maintaining high confidence in a timely
manner. Herein optimal parameter settings
for MS-DIAL 4.92 software are described for
untargeted metabolomics data acquired on
the ZenoTOF 7600 system.

Time spent Data quality
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Introduction

Untargeted metabolomics aims to detect and quantify all observable

small biomolecules within a sample to define the metabolic state of
an organism and potentially identify biomarkers of disease*. High-
resolution mass spectrometry (HRMS) analysis using a data-
dependent acquisition (DDA) mode is the primary tool for
untargeted metabolomics experiments. To increase compound
detection and identification (i.e., coverage), experiments are
typically run in both positive and negative ion modes. Acquired data
are generally processed using software that matches MS/MS spectra
to small molecule databases for compound identification.

The breadth of coverage of metabolic compounds by mass
spectrometry depends on several factors. First, instrument
performance and hardware parameter settings affect metabolomics
data quality. Optimal parameter settings for the ZenoTOF 7600
system have been previously reported! that leverage the speed and
sensitivity of the instrument to maximize coverage from a DDA
experiment. Second, data processing parameters significantly
impact the identification of metabolites. These parameters can be
related to library match score, minimum intensity threshold, etc.
Incorrect parameter settings may result in misidentification or
missing a compound altogether. Software parameter settings for
SCIEX OS software for untargeted metabolomics data acquired using
the ZenoTOF 7600 system have been previously determined2. MS
DIAL software can also process these data; however, its parameter
settings are unique from SCIEX OS software. Systematic adjustment
of parameter settings and data review are required to find the
optimal software parameter settings.

In this technical note, untargeted metabolomics data were acquired
from NIST SRM plasma samples using the ZenoTOF 7600 system.
Data were processed by MS DIAL 4.92 software using iterative
permutations of different parameter settings for minimum threshold,
mass slice width, and identification cut-off tabs in the processing
workflow. From these processed data, optimal software processing
parameters were identified and are reported herein.

Sample preparation: NIST SRM 1950 samples were extracted by a
one-phase liquid extraction. Four volumes of ice-cold ethanol were
added to 1 sample volume and vortexed for 30 seconds. Extraction
mixtures were centrifuged to separate the precipitated protein
debris, and the supernatant was used directly for metabolomics
analysis. The supernatant can be stored at -20 °C for future analysis.

Chromatography: Extracted metabolites were resolved using an
Exion UHPLC instrument equipped with a Kinetex F5 column (2.1 x
150 mm, 2.6 pm; Phenomenex). The column oven temperature was

MKT-30320-A
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400C with a constant flow rate of 0.2 mL/min. Gradient details are
shown in Table 1.

Table 1: Chromatographic gradient (flow rate = 0.20 mL/min)

Time (min) Mobile phase A Mobile Phase B
(%) (%)
0.0 100 0
21 100 0
14 5 95
16 5 95
16.1 0 0
20 0 0

Mass spectrometry: Extracted samples were analyzed using a
ZenoTOF 7600 system with an OptiFlow Turbo Vion source. A top-
40 DDA method with dynamic background subtraction (DBS) and
exclusion for 6 s after 3 occurrences was employed for both positive
and negative ion modes. Electrospray ionization voltages were set
to 5500 V and -4500 V for positive and negative ion modes,
respectively. The collision energy (CE) was set to 30 V for positive
and -25 V for negative ion mode, and the accumulation time was set
to 5ms. The automated calibrant delivery system (CDS) performed
automated calibration every 9 samples. A summary of the MS
instrument parameters is presented in Table 2.

Table 2: ZenoTOF 7600 system source and gas parameters

Parameter Setting (Pos) Setting (Neg)
Curtain gas (CUR) 35 35
Ion source gas 1 (GS1) 50 50
Ion source gas 2 (GS2) 70 70
CAD Gas (CAD) 7 7
Source temperature (TEM) 500 °C 500°C
lon spray voltage (IS) 5500V -4500V
TOF MS mass range 60-1000 Da 60-1000 Da
Declustering Potential
(Dl% 40 -40
Time bins to sum 6 6
Accumulation time 5ms 5ms

IDA max candidate ions 40 40
Dynamic background

subtraction (DBS) Yes Yes

Collision energy (CE) 30 -25

Zeno pulsing Yes Yes
Zeno threshold 20000 20000

Data processing: All data were processed using MS-DIAL 4.92
open-source software. For identification, two different libraries
(ExpBiolnsilico_NEG_VS17.msp and ExpBiolnsilico_Pos_VS17.msp)
were employed. These libraries can be downloaded from

(http://prime.psc.riken.jp/compms/msdial/main.html) and can

easily be selected in the “Identification” tab of the software.
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Project creation and analysis of parameter

settings

Project creation

Initial “new project” creation is illustrated in Figure 2. Selecting the
project file path where the raw files are stored is critical. WIFF and
WIFF?2 files can be submitted to MS-DIAL without conversion. Click
“Soft ionization,” “Chromatography,” and “Conventional LC/MS or
dependent MS/MS” for the first three tabs. Other noteworthy
options to consider are “Data type” (MS1 and MS2). Choose
“Centroid data” for both sections. Lastly, select “Metabolomics” for
the target omics and “negative” or “positive” for the ion mode.
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Figure 2. New project creation page

Analysis parameter settings
Data collection tab:

In this section, MS-DIAL software parameter settings critically affect
coverage and the time needed to process the data files. Significantly,
these settings also affect the number of false positive results. In the
“Mass accuracy” settings, the default values are recommended. Next,
click the “advanced” button, as shown in Figure 3. To limit the data
processing mass range and potentially reduce the time required for
processing, enter the appropriate MS1 and MS2 mass ranges. [t is
also recommended to define when retention time starts and ends to
remove unnecessary data points, such as the washing step, from the
analysis. The other settings can be kept as default values. If a
powerful workstation computer is used, the “Number of threads”
setting can be set to more than 2.
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Figure 3. Data collection tab with advanced settings

Peak detection tab:

Under the “Peak detection” tab, there are two parameters to be
adjusted for optimal peak detection: “Minimum peak height” and
“Mass slice width” (Figure 4). One of the goals of this technical note
was to investigate how varying these parameters affects the data
quality and the overall processing time. For “minimum peak height,”
50, 250, 500, and 1000 amplitude were sequentially selected, and
the mass slice was set to 0.05 or 0.1 Da. If the smoothing method
needs to be changed, click Advanced in this section for detailed

smoothing settings.
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Figure 4. Peak detection settings tab with smoothing method details
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Identification tab:

In the identification section, an MSP file, which can be downloaded
from MS-DIAL's website, should be selected, and the identification
cut-off value should be set. The default value for this parameter is
80%, but in this study, values of 70% and 60% were also used to
observe the effect on the final results. The remaining parameter
settings can be set as shown in Figure 5. If a custom library is to be
used, click on the advanced button and select the library. (The
library should be stored as a *.txt file.)
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Figure 5. Identification tab

Adducts tab:

Metabolite adducts can vary depending on the modifiers added to
solvents. For example, in the positive ion mode, a compound can
appear as a protonated ion or as a sodium, potassium, or ammonium
adduct. The recommended adducts to be selected in both positive
and negative ion modes are presented in Figure 6.
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Figure 6. Adduct ion setting tab
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Alignment tab:

This is the final section to be completed before processing a sample
or a sample batch (Figure 7). A reference sample file should be
chosen from a pooled QC sample or from the sample with the highest
metabolite concentration. The remaining parameters (and those
under the Advanced tab) were set to the default values since they are
compatible with the ZenoTOF 7600 system data acquisition. Once all
parameters have been set, click “Finish” and wait until the results
screen appears.
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Figure 7. Alignment tab

Results and discussion

Metabolites extracted from NIST SRM 1950 plasma samples were

analyzed in positive and negative ion modes, with two different
injection volumes for each polarity. For the positive ion mode, 0.4 pL
and 2 pL of the extract were analyzed, whereas 1 pL and 5 pL were
injected in the negative ion mode. Tables 3 and 4 show how
adjusting the different parameter settings affects the numbers of
identified metabolites in the positive and negative ion modes. Only
the higher volume injection results are displayed in these tables. For
both polarities, the higher injection volume resulted in
approximately 1.4 more annotated metabolites than the lower
volume injections (data not shown).
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Table 3. Coverage, time for analysis, and confidence under different
parameter settings in the positive ion mode.

Min Mass slice ldentification Number Time for

Polarity Volume Threshold widh cut off of hits analysis

Each row in Tables 3 and 4 is color-coded according to their
identification confidence. Dark orange and light orange coded rows
denote high confidence, while blue coded rows denote lower
confidence and may contain more false positive results. Grey-coded
rows represent little increase in the number of hits but indicate
significantly increased analysis time. For context, the time for
analysis of a single sample is presented in Table 5. Changes in the

Positive 2p 50 01 70% 257 Very long
Positive 2pl 50 0.05 70% 276 Very long “Min Threshold” parameter can dramatically affect the analysis time
Positive 2p 250 01 70% 237 Long but have less affect the number of hits. The identification cut-off
Fositive 2pL 250 0.05 0% 2568 Long percentage has a significant impact on the number of hits. And the
RESTE i L £ T = VLB “mass slice width” affects the number of hits only for data with low
Positive 2pL 500 0.05 70% 224 Normal confidence
Positive 2pl 1000 0.05 70% 176 Short
Positive 2pl 1000 o1 70% 173 Short Table 5. Typical times for analysis of 1 sample at different threshold
Positive 2pL 50 01 80% 135 Very long values
Positive 2L 50 0.05 80% 141 Very long is ti i
- Threshold Analys!s time Descriptor
Positive 2pL 250 01 80% 129 Long (min)
Pasitive 2pL 250 0.05 80% 134 Long 50 12 Very long
Fositive 20l 500 0.1 80% 119 250 1.7 Long
Positive  2pL 500 0.05 80% 119 500 14 Normal
Positive  2pL 1000 01 80% 100 Short 1000 12 Short
Positive 2pL 1000 0.05 80% 100 Short
Table 4. Coverage, time for analysis, and confidence under different
parameter settings in the negative ion mode
Polarity | Volume __ MM Mazs slice |ldentification| Number | Time for As shown in Tables 3 and 4, a balance must be struck
Threshold widh cut off of hits analysis

between the analysis time, coverage, and confidence. In the
positive ion mode, a minimum threshold of >50 and <250
appears to give the best coverage. Due to the high sensitivity
and the high signal-to-noise ratio of the data acquired on the
ZenoTOF 7600 system, a value of 250 cps was chosen to give
the best coverage using an “identification cutoff” value of
70%. As seen in the tables, however, small changes can

Negative 51 50 0.05 70% 217 Verylong significantly affect the overall data, so it is recommended that

Negative 5pL 50 0.1 0% 198 Very long

Negative Spl 250 0.05 70% 202 Long File navigator Pealk spot navigator

Negative  5uL 220 & G2 189 Long 230222 IDA top 40 Pos NI

Negative 54t 500 0.05 70% 174 Normal 230222 IDA top 40 Pos NI Label:  Mone a

Negative 5ol 500 o1 T0% 168 Normal Peak spots: 100% Nurm. 139

Negative Sul 1000 0.05 70% 134 Short

Negative 5pul 1000 0.1 0% 132 Short Disglay filter

m :i : c::;s g z Ez [+f] Ref. matched [ ] Suggested

e st =3 535 T &) Long CCS matched [ Unknown

Negative 5y 250 01 80% 91 Long [ M52 scquired [ ] Molecular ion

Negative 5pL 500 0.05 80% 87 Normal ] Blank filker ] Unigque ions

Negative 5pL 500 0.1 80% 87 Normal

e It QL ] Lic iz Stord Figure 8. Peak spot navigator. MS2 acquired and Ref. matched are

Negative 5pL 1000 0.1 80% 75 Short . . . ) .

selected to filter the metabolites with the most confident annotation.
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these software processing parameters be a starting point
from which adjustments can be made to generate the best
data for a given data set. For example, for data processed
from alarge cohort study. In that case, increasing the
“minimum threshold” to 500-1000 cps may be reasonable to
decrease the time needed for analysis. As expected, the data
also indicate that a higher sample load (i.e., higher analyte
concentration) generates higher-quality data.

The confidence level in the processed data can be adjusted in
the “Peak spot navigator” Clicking on the “Ref. matched”
display option will only show compounds with a matching
MS/MS reference spectrum in the compound library (Figure
8).

Although MS-DIAL’s MS/MS fragment library algorithm
matches acquired data with a high degree of confidence, it is
recommended to manually validate the metabolite

annotations from the right bottom panel (Identification) and
change the annotation, if necessary, as shown in Figure 9.

BOoFME"
}5. T

P e R -

Figure 9. Identification panel. Annotated metabolites can be reviewed
from this panel. If the annotation is not correct, it can be easily changed
using the MS/MS look-up button (red arrow)

Conclusions References

e The speed and sensitivity of the ZenoTOF 7600 system
enable the generation of reproducible and high-quality data
for untargeted metabolomic analysis

e In MS-DIAL 4.92 software, the “Minimum threshold” value
of 250 cps and the “Identification cut off” value of 70% are
good initial settings for untargeted metabolomics data
acquired on the ZenoTOF 7600 system

e For extensive cohort studies, or in situations where it is
necessary to minimize the overall analysis time, the
“Minimum threshold” parameter setting value can be
increased up to 1000 cps

e The number of analytes identified in a sample is
proportional to the concentration of the sample; higher

sample volume and concentration are recommended
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Global Natural Products Social Molecular Networking
system (GNPS) is combined with SCIEX High Resolution Mass
Spectrometry system to study natural products

BT, T, RS
Yaping Xie, Dandan Si, Zhimin Long
SCIEX KX FFHLy, FHE

Key words: Global Natural Products Social Molecular
Networking system, SCIEX High Resolution Mass Spectrometry

system, Natural Products
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SRR FMNERSE ( Global Natural Products Social
Molecular Networking, fE#RGNPS ) BIEFXBIERMN KA~
TR LEERA, BEMEONRASY, EHRENRERBEME
T, SFEEAUNFERERBET, BEITETITEXERFBET
FOARMLE, RBIOUEX/DN, G—KTRUHNNEZERE, Hhf
— AP EART—MLEMHMS/MS RIEE], EHWEUELEYH
FEE— NP FREHRERE. BEl, 7 FMEBRAELHR
TEMZERAFYIEER, NANTESRBFEFALER
SEMRAE. APRIFFTEOFR. LERDPEERTERRER
Bl AR BESHE. BRIENRRIZHNRE. &R
BWAANEAATEE. GNPSEIREFERREELE=5UE
FEMassBank. HMDB. ReSpect. NIST (2014 ) %, DorresteinS3
EMSirenas MDENXENU AWML E, SRS NRFARHER
HOLEYTERS., GNPSRIESIREERNNEFLEENLEDY
( dereplication ) . ZE{U# (variable dereplication ) F1 Bz 47
MN ( Molecular Networking ) Ft&#8ITNEE, EEFX B RIEMN
MS/MSEE R ITF R EE REMEIRNINRSE,

AXAHRRXADFRMERAR, BSCEXSNFHAEREXRE
HEREIE L ZEGNPS, WEAZLMNARREEAL (51-54 ) LEDH
MO FRMERR, JHREONMBNRERDLEEER. EHEML
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Eoi, EASCEXESDHRIEELEFRMMS/MSER, T3k
BEURLENNTER

2R &

SCIEX ExionLC™ ADZR ZE FISCIEX B/ $E I R 5t

El1. ExionLC™ADR G FISCIEX B/ HEFE R4t
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HHEFEF
WIBFE S : SCIEX ExionLC™ ADF %t
Big+E: Phenomenex Kinetex C18(100 x 2.1mm, 2.6 Um)

AN A IK (E0.025%FER)

B: FEE: 2B =11 ( £0.025%FF )
RIE: 0.3mL/min

R 40°C

TRABREE ;
B @] (min) A(%) B(%)
0 98 2
2 98 2
20 40 60
2 5 95
25 5 95
25.1 98 2
30 98 2
IDA MSMS

° o (L1
Q1 filter
° | (o.mall.,l‘ ¢
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BEiES
R ESI+/- TOF MS-IDA-15TOF MS/MS
HESEE: —%/m/z260-1300 ZZm/z 40-1300
CDSEFRIE
AT (pBS) 3
B RS

53 28 B3, [ : 5500V/-4500 V A S CUR: 35 psi

FE{k= GS1: 55 psi FE1kR 6GS2: 55 psi
JRE. 550 C DPEEE: +60V
WIEREE. +40+20

EIRRE

SCIEXE A P RIE R ZIDA+DBSRER XK EN S RELRIE L
ZZGNPSMY, 7EIDA+DBSREEI TR BAEMNE REMS/MS
FIEE R, GNPSEITITEHE AITE X LEMS/MSFRIE EHRE IR L
B, RERBEBUEHA/NEXLEFIEERZESH— K TR
KEWE, NE2FTR.

U ot i 1] e 01 syt 10 118 WP 0
e £ gt e 61 T g ¢ Ml o (B T v
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LHRER
1. XRAYRA B ELR

L EEIRE EGNPSM L FTEUIR IR Z R T R B R A =R
LEERF, MEBMR

:. e -
et = S i =} S
(RGO PSCIPRO BN, AE] g
] T sl AT % P )
s P

B e ]
il e T TN L

3. GNPSIEE L ELE R

2. XATEY RS H W25 R

EEHIEEGNPSM G 1T F K HHR AR 2 fF I3k B T
D FMEE, ME4ATR. HPTNEIEEARCRERALE
Yim/z 447.096 R AN, Sm/z 447.096 1KLL E )
B3Eim/z 593.151. m/z 579.135. m/z 493.099. m/z 531.148. m/z
483.837, MS/MSEMAEMERA&ZERT, A M EYWSHLE
¥m/z 447.096H9AB{UE 2 5250.92. 0.90. 0.90. 0.86. 0.88 ( ZNE
PEEFAERIERZE ) o Hom/z447.096 GNPSIEEEILELLE R
KREEF (luteolin-7-O-glucoside ) , m/z 593.151 GNPSIE T AL
ZERAUEE-3-0-=FEE ( Kaempferol-3-o-rutinoside ) , X
AL EY ABRREMS/MSREMALE, TAFEEEFSZ
HEMNFERFBT (AFEEXEIME ) FEEFHRMULEY
M, EsPR.

El4. GNPSEMIKI D A4

RUO-MKT-02-14562-ZH-A

]
| . XIC of luteolin-7-O-glucoside

XIC of Kaempferol-3-o-rutinoside

= Ms/Ms of luteolin-7-0-glucoside | MS/MS of Kaempferol-3-o-rutinaside

-

| luteolin-7-0-glucoside£ 2t

Kaempferol-3-o-rutinoside 4% =

Bel = : a2

[ES. luteolin-7-O-glucosideF1Kaempferol-3-o-rutinoside AE{bL 4 T Eb

3. RS ERAHT

FEHIEEGNPSM L H T F MBI LE Z FOTRET
M FMEE, MEeAHTR. HFRTMUEIEEREXE A%
JR® ( Chlorogenic acid ) RE MR FRKE, EiZXE
TUEER, SRS (EMTR) WeaF—FMEZLHRE
B, BlIIEER ( Chlorogenic acid ) BB A ELEZE MM AR
&, XMOFMEesREARBAUBLEMSL-54, BT
PURR BB B ES1-S4ANREBALII & E P AR S FIRE
( Chlorogenic acid ) « BN TR AEEHENTFRER R, EH
FrEHEE AR RFIZASEERPEENS, BILTNE
MEFNZIRE ( Chlorogenic acid ) 7ES1 (48 ) HFRFEER
&, £S2 (e ) #FafeE&K. Bid TR AnD FREET
MUHRREMAEHERZEARTZER, SERNEBAREZH PCA.
PLS-DA. OPLS-DA FJ7iA1EEL, 2 FMEKRARAEHIENTEE
R, UMMAREES. HUERAMER. ERAERTESNY.

Ee. ZFEREARREERT (51-54) BENHZER (HHPABREZENHAE
S RFRS1-54)
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B

AXFERASCIEX B HRERFER G REMMSKMS/MSE
B, SCEXSAHAERATEBRNTEERE TRIET HENSR
BUE, SEMHERMAERM. GNPSFIASCIEXES REMMS/MSEIR TR
BRFTRAFYMNLEE. EWRUDDTIUREFRS DT, A
RAFYOTRRME T EINRRER TR TE, TR

R BT RAF Y E T @R Do
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Zeno MS/MSTARTEX FR bR i £ 2] X B F 5 3R R R F

FIFSCIEX ZenoTOF™ 7600 2 & 1 4

Targeted metabolomics in rat urine using Zeno MS/MS

Kranthi Chebrolu®, Jason Causon’, Robert Di Lorenzo’, Christie Hunter"

' SCIEX, Z[EF; ° SCIEX, TIZEX

BE, FALEEN |l’EJ7T<ifCEﬁE’\JE}$?%Ai,\ EREIFEED

*#’Ei—ﬂ?x#%iﬁ&ﬁ%n%#%%'lﬁéﬁwﬁ#ﬁﬁ&&ﬂ’aﬁax, L,HEE
EEAMEYHRTREERENEENER, HRBERRELE
MENR. SNPESRERERERS (HRMS ) BTHERR
MASREN_REAHFED, EEEQRIFAFNELERT
MU EMEETEEERTNIN AR, AM, HRMSHEBETR
FEANRRK, BEARX B irormit *Fﬁﬁﬁiﬁﬁé‘ﬁo Jﬂz
i, —EENBRRELEERESNBNSHEEE TREF
I,

FE & SCIEX ZenoTOF™ 7600 R S A fr, BEFRMNIMAE D UTE
SHERERTHESSRERBENEEL R, ZenoTOF 7600R 5t

B9tZIBUFET = Zeno™ trap ( ZenoB ) , #U&EZeno trapfa, BHFE
= IMS/MSRBUE, MNEE RS A HFHE

LT NREEH B INEROE TS, SSHEHTEEHE, X MAZHNRNEAKRS
THERERRAAR, ASRURT —NIWEEAMTTE, BT

FERFA AR R R PRI, NTERMRM™ TIERTER
Zeno MS/MSX EEERREMN T,

136.0623
N r'.l PRBEARRKBZuckeriBRBARARE, FHES T 130D
g 1265 FHipese ] Zeno trap F A& BB BT %, HERT Zeno trapFr RRIX AR A% 2 AHR
© || || Zeno trap3 ] 8, Zeno trapFFBRMS/MSIESEAEIEIN (5120 BE1H AIIREE
% 8.0e4 [ | BRRRE (cAMP ) BEAIORIEIN T 9127% ) o AXANAR T LTLLM
§ | HIRREBIE RO MR R TR,
£ 4.0e4 ||| II
AN ZenoTOF™ 7600 R A TR AR HALMEE
136.00 13604 13608 136.11 A
Mass/Charge, Da o Zeno trapBIREHZELE>90 %', TESXERE (&L

133Hz ) HER, BEREMS/MS REE

1. MS/MS RBERERE . 7EZeno trapFF /a3 ( 5 ) FZeno™ trapk A N .
(B ) BT, AMPZABA WIEMETRE (XIC) Sth, Hzenom  * EREVNSREETEIRSD, BEZeno trap/a, MS/MS 12

trapFFRES, ERRLLIRES T W12.56F. X2EHBEMNRTHAM2 piER. BEFAE (xic) EmREINA136F

RUO-MKT-02-13297-ZH-B
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. QTOF AGMIREM, T BEATHMIERRE
o SWATHeRE&EH K. BURAKFIRE. BT /AELESE (EAD)

o SCIEX OSEfEHdB AREIENIETE, ATHHEE, BEE
FAMarkerView™ 8 53 11 % TGt 247

hi&

HablE: MNOMTRERKRABRERBER: Zucker FER
f®AERA (ZDF ) KR, HEMFIMEY; Sprague Dawley (SD) KR,
MM, SHA5R KR B 20 pL R&EFBRENE A T 10 15,
AT LC-MS/MS 7370

Bl &MH: FAEE Phenomenex Luna Omega Polar C18,3 um
150 % 2.1 mm ( 00F-4760-AN ) & i%4EfY ExionLC AD HPLC AR %t
(SCIEX) HITHER D E. M 0 F 95% B AR BL M A E L & 1R
AR RABERREME (A=01% FERKSEMB=01% FRZES
W), RIEA 300 pL/mine BEREARRA 0.2 3 2 uL, BANMITIRE
PHERRIFTE 40 °Co BIz{TRTIEIN 13.1 4050, B3 2 HHHFE
B al

FRIL&MF: 7 SCIEX ZenoTOF™ 7600 R 45 L, f# M SCIEX 0S
B, DLESI EAERRE MRMTEIR. BFREMHIT: CUR3S.
GS155. GS2 55. ISVF 5500, TEM 600 ‘C. MBS DR
MS/MSHIR & RFRAT 8] 10 ms. RifEEEE ( CE) 430, HHIE
NiZeno™ trapFF BHIK AT A, WEHRTREELLR ., 8%
HNEIMHREERE=X,

BRI 7ESCIEX OSEFHHFTMS/MSIEIRF . RAFE
B0, REBERS AMarkerView™ iR 43 172 TTHIT D HT (

0S
o-B-B
v|
T

E2. TEREE, SEXEMLEHEMBSCIEX OSH M, MS/MSER
ExplorerflAnalyticsiE R # F7 04, EEEIE = (E Flibrary View™# 0
ChemSpiderInEE# 170

RUO-MKT-02-13297-ZH-B
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E -
-
o
-l
&% &
|_._._
=
g
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e
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EI3.SCIEX OS#X ¥ sh A TR iM% E MEXplorertEdl, M B RERR
RIS FEIERE (xic) , mHEZ 2R BT MLibraryView™ 4
EFFRSGBRE R LRSS A PHMS/MSTERE . JEEBHZ B 7R T MChemSpidersk
BHEN, ZEWRETIHNAN (BR) BATBEHRNRERE, 5ER
ERTREREZMITE,

2) o AT EIMRMTEHRMAIETE, B EEEExplorerfEi ARt
MS/MSTUIEEI#ITHH, MNEFEEMNBAEF. BEFENERH
52E£ 7 SCEXm 7 R E ( AMMSL 2.0 ) BILibraryView™3 4
FEIEESHTT T EEE . MChemSpiderik BRI M1E B thik FAKH
INER B —80, FHMNFRERSGEE ;918 m/z. TEExplorer
R (E3) PREMNXEE L NERREE SHATESCEX 0S
AR Analytics iR MR L AR T % . RERHR BFHIE
HEFRS AMarkerview™ K #7551 5 7o

ATFEREER Zeno MRM™" TIEFTE

Zeno trapAUEE, TTEZEEN ZenoTOF™ 7600 R 45 L HY MS/
MS 55, ERENMEHSPHENBELTREEESHRERE,
FIARK S 13 FREHA9EEE MRM™DATER, X Zeno trapi
VEE A RBUEIEINHA T T R, MFTFFXEF Zeno trapfER T
REFHRBREFEER (XC) #TTHE, MITEREERN
o ME 1R, cAMP FAKEERA B F A m/z 136.0618, M
N2 SHLBIT 10 12

aN
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3.18935
2.78d
XIC mz 136 ﬂl ZenotrapBF A2
5
» | | #H0.2 pl
o
2 1.865 LI Zeno trap>< ]
-%‘ ! || e
& 9.0e4 |
= |
0.0 £ \‘—
3.00 3.10 32 3.30 3.40
Time, min

El4. HES2RHDI10EMERAT, KB TEFHMS/MSREE., BEAFE
Zeno trap (#4022 pL, B ) FXKMF Zeno trap (#H2 uL, MLUAE ) 3%
BEXICEHXLLE R, HFFBZeno traphf, RIS T 1.5, MS/
MSREREIEFE ] ( RitFE 10 ms) , HEENEITIE FRET 151N
B

AT BREREBRMEE, FIIIFFE Zeno trapi#ttFo.2uL
KA Zeno trapdtifa L, WFHARBIT T NI (B 4) .
BT A EKT 1065, A Zeno trapAI m/z 136.0618 A TR
B/ XIC TRt b RN M Zeno trapt S H 49 1.5 15, EREFRHR
FRAESNRBEESERNF LNHENE, ERUNSER,
AmTRSHIERE, i, ¥F-LEFBRENER, TER
HRENRNENSHARARKIFETEE—MEE,

KI5 T A 4 B9 13FH ARG 29 5l 47 Zeno trap XA FIFF A
BRI R, BRICENFRL MFIFR, $ERE (NHRRE
RE. IEELRERMERR ) £ BZeno trapf ZPEFELF, &
WRAFHLBFEEYT, BRMEEYEABTFHRRERZENT
3ppm. FIME, S5%MFZeno traptBLt, FF/AZeno traphf3K1FHY
MS/MSIEEIRIES T 1415, EFIENE, HElbEdRERUHRITE
EEHIMS/MSKERR ( FPMS/MSRITRIEA10ms ) o

MarkerView™# 4 B T4 it 2 th

AEEFH— N IERERETMNEZR ST DA TIER
2 (Es, &2)¥ 58, XEREMIRBZIITE—HFA
S8 SWATHOR R RIEFRY . XEERXBHRIFMHILE T I A
FLEARE@ENFARF, 7E MarkerView™ EfF (Mv) FALEE
A AT (PCA) R 41T B, HFREANRAZE, ZDF-4f
MEFOMEYE . SD-EEMEFIME S PIERK, BRBEAEDT, fthilzE
9% MERKEPCIFPC2 (Bl 5, TAZ) .

RUO-MKT-02-13297-ZH-B

1. Zeno trapRyfE M, FEMS/MSRIZEIRERE . Zeno trapAUEUEEMS/
MSTESEEEM, AMEABIXICRIEEmRLEELEI ( FHEiniz.e
f£) . BEIZeno MS/MSEIERI A RENRERELELRE,

BR MS/MS Zeno trap
R4 B L R

(m/z) TE  RERE }E;{?‘,iﬂ‘
Acetylglutamate 84.0444 v -0.14 12.51
Arginine 70.0651 v 3.73 13.18
Carnitine 103.0401 v -4.52 11.12
Creatine 43.0291 v 3.87 18.11
Cyclic AMP 136.0618 v 2.56 10.00
Glutamine 84.0444 v 1.72 18.08
Histidine 110.0713 v 0.24 26.72*
Leucine 69.0699 v 0.56 15.83
Methyladenosine 150.0778 v 1.28 10.28
Phenylalanine 120.0808 v 2.37 10.38
Tryptophan 118.0651 v 0.26 11.93
Tyrosine 119.0495 v -3.81 8.89
Uric acid 141.0407 v 4.24 10.29

FHIEEFRIEMES  13.64

* K FlZeno trapATiE ETFRA /N TE % RS

HETEERTHEANPeVA (FIEAETR) . EFEHEEL
BREBRATUNREY, HEEERAFLE (B 5KES) .
cAMP FIFREFRE ( methyladenosine ) EHARHPEFHAUNESR
3, MBER ( creatine ) 7& ZDF # SD RIBHEAH Bt REAY
E,

MSWATH® E & B MRM™ T{Ei# TS

HFSWATHO R ERIBERER —NUEFME —HFARE LT
89, BELIERRERT MSWATHOSRER] MRM™HI TERTR . ASLBM
SWATHOR &£ 9B h it 1% 7 LA B F EHFEZ TR MK
—LESMNAREY, FRTEIBEEHMRM L, ERAR
EARNFEBHEIET, BRIV AEARRERK/NRSSDIEM
HAZ BNEHECERETRTNBEXN ( FEHBLLENr
0.92, JE6) . XERTHER—AHRAMARS FI TR EFE T
PRI RIE R EED T TITH,
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Scores forPC1 (81.8 %) versus PC2 (5.1 %)

'S /\
snuf. .
./ Zucker L_-/
Mala
Sprague
400 Dawlay Male
™
&
o o Y,
;|
e
-400 Zucker
Female
800 Sprague Dawley
[/:ﬁl Female
B T
-3000 0 = 4000
PCA
Cyclic_aAMP
o 1586 T
E ——g——
&
= o
o
Methyladenosine
% 1.0e6 .
g -
-2
—
[ 1] . T
Creatine
= 1587 ——
£ —
F
= —r— ——
oo
Zucker Zucker Sprague  Sprague Dawley
Male Female Drawiley Male Female

5. XA (PCA) RETHAEZAMARESR, 1§ MRMEUEMNIEHE
FRE A MarkerView™ B EFHH1 1T PCA-PCVGHHro  ( TRER ) PCA-PCVG 31
EETTEEHENREENM, BAFERE B3MESFRTY, FTRKR

RBEHBEABENE. (FEH) EEIFVHNELEREERTEND
IR ER,
FIFASWATHOR &7 2, o ISSIl— R #EH E 2N E A= RS

U, HREVSEEER, URKANRZEANER, Y T—F

— D FF EMRM ™ KRR, ﬁﬁﬁE%E’\JQl’EﬁDEHET#\
EeeNERY, NIidHEERETH—SHIN. EE—IR
BIRE, PRSI T3 3539 0] A FEZenoTOF™ 7600 R 5t - E ko
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R2LABRBHFHRBAMEENES

REHEN ( Blog2EERLLERT) o

MEEMSDRR AR, HHIER

Log2lf m AL HE
SD ZDF i ZDF##
it
it/ /SDH |SD#
Acetylglutamate -0.94 0.40 0.36
Arginine -1.32 -4.42 -1.44
Carnitine 1.77 3.59 2.90
Creatine -0.38 -1.563 -1.60
Cyclic AMP 0.56 1.97 2.39
Glutamine 3.62 6.34 4.92
Histidine -0.09 -1.08 -2.33
Leucine -1.35 -2.06 -2.47
Methyladenosine -1.11 1.78 2.39
Phenylalanine -0.76 -2.04 -3.48
Tryptophan -0.51 -3.50 -3.49
Tyrosine -0.83 -3.01 -3.94
Uric acid 0.17 1.71 0.73
5
25 |[R2=09571 .-
B
i
o
B
o
TE 5 -25
< %D -
=2 R2=09924 " »
D= s & 25
Rl
L o L
.
5

El6. SWATHO RE&E H B SMRM" TEFR M ES
YBXFECREAS ( SDMEME/SDREM . ZDFMEME/SDHEM FIZDFEE M /SDAEM ) Fhafh

MRM™ZER ( log2fZ8 &1L )

BZROMXME HET=

HEVHlog2FHENER, MHEEREZ BHRIFAMBEXM,



AR IRIT T F) P ZenoTOF™ 7600 & S H9EE mMRM™ T e R F2 X

£ Rt REHITEENTRE.

Zeno MS/MS ¥ MS/MS REEFI9IRE 7 13 15, Mifi AEFHK
BRI T SREMN MS/MS EHRFEIR, ULRRTENLEY
Xz, Eff, BABF XC EmMRMAEENES T XHR0E
ERQE

Zeno™ trap YRR R MUE MR A B IRB T ESMTIERE
% fla, BEFEARSEAHABERRSERYY, SE
IMEFRRHREIN S A TR B BR A &

FIFSCIEX OSE i {TIRIA EIRALIE, B FI FMarkerView™#k

HHTEZ T AT TTAL, ZenoTOF™ 7600 R SeiR {7 M
LY EENZE T ERRE

teoh, ALWIERITT ER— & RE EMIFEEESWATHOR &
W S EMRM ™ TR T2 A8E T o

RUO-MKT-02-13297-ZH-B
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1.

Qualitative flexibility combined with quantitative power -Using
the SCIEX ZenoTOF 7600 LC-MS/MS system, powered by SCIEX OS
software. SCIEX technical note, RUO-MKT-02-13053-A.

Rapid analysis and interpretation of metabolomics SWATH
acquisition data using a cloud-based processing pipeline. SCIEX
technical note RUO-MKT-02-13056-A.

What is principal component analysis and how does it work?SCIEX
community post RUO-MKT-18-12137-A.

What is principal component variable grouping (PCVG) and how
do | use it? SCIEX community post RUO-MKT-18- 12137-A.
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#) FISCIEX ZenoTOF™ 760051 iE & 37 E AR /N FHR I8 5

IWaRrA

Development of a method on research metabolites in Zea mays

L. by SCIEX ZenoTOF™ 7600

B, LEE, BE
Lei Min, Long Zhimin, Guo Lihai

SCIEX, HH

Keywords: Zea mays L., metabolites, ZenoTOF™ 7600

ElE

K (ZeaMaysL. ) EHEEZEMREEY. @RMEMMES
B, EPERVAFFEEEENER. AT EGNMRAR
A ERERAERSAEKERS, R EDMERIEEDME,
MERAEKNMEIAESE, Atk RETBHRAETRIS
THEHZAARFRERANRAXENS, EXFEEREM/N
HFREY, SFEVNERFEDIREREY. DERSEWHER
FEZAFENEGEINEKLE, REREVNELZ S5
YR, MEENE. BAlt, RUELENTBNLEEH EXF
FNAFRIEY, EFREDRIFHEZMA TERNEERT,

ARERFERAEEGRIFHEHLNRERTRLELE L AR
EaMEX (15 TBRESEX; 25 #EX) PHREY,
REH#HTEITHT, BEBFAFAENERRHEHY, NWSERD
ERBMEMZERREY, TR TFHARREEMREDELNR
EMNH,

FUXRFERR

AR FRIR T {# FSCIEX ZenoTOF™ 7600 R & E H E XK IR
B, e ARz ENERREY. ZARREEUT

+
TR

1. ZARSEBERFISCIEX ZenoTOF™ 7600 R St fTHUIER &, 1Z{UREFH
FHRBEREMR (51£133HZ) , U KZenoTrap EE-REF,

RUO-MKT-02-15366-ZH-A
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REOSH, RERKRES “ARYENF R ESIDAEIE
RH MR R)FDBSHRE (IS ERMBR)NRETTX, THE—5
HFEED, RUELENXESRENZRIER, MLHAE
EEEE N FRIEMH BN,

2. ZFERERER, U—FREEREE, BARLARENTH
BELRE=NMEH#HTESEFIA. SHETEHIBONNM TR
B, E. AR THILEER1BMUAT N AEERET,

3. ZITERENES, 1X30 minfTTAB T A —EHE RO
W, SUSBRERN. BHEEMZMNITFREY, E.
HEA T AEZR183MAT N AREREM D, BREVERGEY
FRERGY), WEER. BE. BX. BRERKEREFTE

¥, BEER.

4, FAQCHANITEHRTREMELR, 3 QCHARF 3305
FUHTTRSDSET . BRitER, 97 %R RSDFE20 %z K,
THRERBAFQCEATEMENR, RPMFMFEANER M
.

5 ZITERBIIFERAHAFITE, RURESEMNRERAEX
HEREY, ARFIENBFE A FRELERRBEZTS
BREERHAFARST UREREDERTNSE, ETR
RIFEZE R

L3RR &

SCIEX Exion LC™ZR % + ZenoTOF™ 7600 & 45t



JEFR K EF

e @ BEFESH
BB M5 55 B [%: 5500 V(IE B F) / -4500 V(L B F)
AR CUR: 35 psi F 1k GAS1: 55 psi
ZF L= GAS2: 55 psi SRR TEM: 500 °C

EFEHBEDP: 80V (EET)/-80V(iET)

WEREE CE = CES: 35+ 15V(IEET)/-35+ 15 V(B T)

i dn BBl &
RAMARSMAERETHERAL g, 8 RHFTRES
BT E #, $BIIIAS ml 80 %FREZ, SRIEL min, 720 min, 4000 rpm
B, HSST3(100%2.1 mm, 1.8 um) Bib1smin/a, BUEER, 9AEEHEEST.
pEILIER
. N QCHIEF(EEHZ)

AFE: 7K (&2 mmol/L BEF&$2+0.1 %R )

PR R RS, 2 BIE100 pUR &AL —NQCHEA,
BiE: Z A5
FE: 0.3ml/min TR

8. 40°C 1. QCHBH

Time(min) A (%) B (%) DM EHRPEL00 B RIRS, TEAQCHEA, ZER{UsF
HEEM. E. ABFRBEFRES I NE1FE2,

0.00 98 2
2.00 98 2 e
14.0 60 40 :
22,0 2 98
26.0 2 98 i 2L
26.1 98 2 ) : B s
— * ’ _ 'll.;._- *;_a'_:‘-i_-i".fng'.;?_;'l [zl "'L"-f'l I' A*.ELllaI
Bl QCHAEBFEB TR
BR: BHEBORESIR, E. AEFER
RETTR: TOFMS (TR EFUE—RFHE) 30Ms/MS (T
B 80 R — 439 ) :
YT [E] BRI — R ITHETOF MS: Bt S Bl (Da) 100-1500
4TI B GHETOR M/MS: B LB (Da) S0-1250 | - 'P
B EIE R S(CDS)FF R _ | _ ':i ,Ilh T
ST BB (0BS) T2 sl e A s s

Zeno H{E: 2 s
eno |j1 : 200000 cps E2. QC*¥$‘E‘|\%%E\%¥7§
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2. QCHEEIPIHIFE

QUHAFHAHAMFIIT, B=HHFRPFHE—-HQCHm,
REEAQCH MR I PR EMMER M.

PBMNQCHAEESRERFENEMNEB TR ESRENE
Wik, 3stQCERMNEZE, E. ABEFERXDHINE3FEA4,
MNESETUEY, KEYRBHEEIEFEImnMA, BB
RENMYREESY, HERIFAZENTQCMENR,

MU EERERRE, (HREFIIETIES, RERE,
HRERTATRSAFLD .

_ l
.E'. ﬂPvl l,Lg,,'J_i;jFl}.- U_,.il-b' JU‘L&‘!WMM.{

E3.3ftQc R EB T RETREER

i T
-1 - - - il ]
= rl'l._.,! :___h._J..I..FJ_J.:in...J-..,._- _._.d.:.l-.‘ -I e .'u";'l'l?"li"".:- .l -t--i_ N

Ea. 35 QR A B FRAEFRESR

3. RGYEERE (84 ) :
3.1 R s EETIF

ARELEE A, {FHASCIEX 0SB ( BRAS3.0 ) A SCIEXKR AT
WEEE, WQCHAMITIAFREMEE, BE—RRFTLLR
%=, FENELFHRZEF ZREA LRE=NEEHTEMRIA.
BHLEFEHB0MNMNSFREY, E. AEXTH L EE183H

WINARERNS, SFENEREYIRERSY), IRER. &
. X BRERKEBETES. HALEERIRMNRL

RUO-MKT-02-15366-ZH-A
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3.2 MBI 7

1. AP EREE R -1,4- T R Ri%E 44,
INEMR, HENERITEWES,

HTHAAE, ¥

5. FIERELE-1,4- T — BRFE 1 FRAT

2. IM3-Indoleacetic acid-o-BEEEF N ZFILEE A, #HITHE
FIARE, A EM, #UFAIFENES.

[El6. 3-Indoleacetic acid-o- B B FEE#EF fRAT

4. FHER:

2FARE MR EK, FEINEAR, FMFERAFLE,
ESHEASMHERREHY. $5‘C¢E']§)‘(?E1§FﬁMetaboAnalyst
(HRAS5.0, https://www.metaboanalyst.ca) XF334 MU 1788
i, FEERAHY,

4.1 PCAZE i E

LA REA A TTPLS-DAGEIT, PLS-DASEILET7, MPLS-DATS
SETUELEMAREHENX S, RPFAZ BERENER,

4.2 RF

IXFold Change>2 5<0.5, & p<0.054 IFiE L% LA,
Elg, MAWLEFTNERIRENREYER AR BFE %m
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RLEBTELEEIE (89 )

Component Name Formula Adduct/Charge Area :Ii::?:::) Pr:lc:srssor Erroh:a(:;m)
BEBE 14- TR C13HiN,0, [M+H]+ 6.97TE+04 6.47 235.1441 0.4
BEEME -1,4- T2 Cy5HN,0, [M+H]+ 4.22E+05 71 235.1441 0.4
PeJZRREE -1,4- T ZB% 1 N-feruloylputrescine 1 CiaHyoN,0, [M+H]+ 3.49E+05 7.01 265.1547 0.7
FeJ ZRMLE -1,4- T ZBZ 1 N-feruloylputrescine 2 Ci4H2oN,05 [M+H]+ 2.06E+06 7.61 265.1547 -0.2
FeIZREE R - IR —fR 1 CysHN,0; [M+H]+ 4.27E+05 7.51 279.1703 0.2
P ZREE R - R —R% 2 CysHzN,05 [M+H]+ 1.51E+05 8.36 279.1703 0.8
N- R3 - W EZBEER AL 1 paprazine 1 CiH;NO, [M+H]+ 2.56E+06 12.76 284.1281 0.6
Glutamylphenylalanine 1 C1Hi5N,O; [M+H]+ 3.55E+05 7.58 295.1288 2.9
N - feruloyltyramine N- Fo] ZREL & i 1 CisHiNO, [M+H]+ 1.92E+05 12.53 314.1387 0.2
N - feruloyltyramine N- P ZREEES B% 2 CigH1NO, [M+H]+ 1.82E+06 13.09 314.1387 0.9
3-Indoleacetic acid +Glu 1 CigHsNO; [M+H]+ 1.60E+06 7.44 338.1234 1.6
3-Indoleacetic acid +Glu 2 CieHioNO; [M+H]+ 1.86E+06 7.66 338.1234 1.2
3-Indoleacetic acid +Glu 3 CeH1NO, [M+H]+ 1.15E+06 8.3 338.1234 0.9
3-Indoleacetic acid +Glu 4 CieHioNO; [M+H]+ 1.80E+06 8.62 338.1234 0.9
FIERREE - R _fz + B fmE CayH2uN,0; [M+H]+ 3.25E+04 11.54 397.1758 -0.9
FIZREER -14- T _he+ BEUBE 1 Cy3H36N,05 [M+H]+ 1.84E+06 12.65 411.1914 0.6
FIZREE R -1,4- T B+ BEBE 2 Ca3Ha6N, 05 [M+H]+ 4.73E+06 12.99 411.1914 0.7
FPIZEREE - RET "R+ BEHEL CasHasN,06 [M+H]+ 1.67E+05 11.56 427.1864 0.5
FIEEE - RET R+ BEHE 2 Ca3Ha6N,04 [M+H]+ 2.40E+04 11.79 427.1864 0.2
FIZREE R -1,4- T ZB& +Glu CaoH3oN,05 [M+H]+ 1.18E+05 6.28 427.2075 -0.8
FIERREE -1,4- T Rk + FZREEE 1 Ca4HysN, 05 [M+H]+ 1.10E+06 12.49 441.202 0.8
FIZREE R -1,4- TR —h& + FUZREE R 1 CasH3oN,06 [M+H]+ 7.71E+04 13.27 4552177 0.6
3-Indoleacetic acid +Glu+Xyl 1 CyHyNOy, [M+NH4]+ 6.27E+05 7.56 487.1922 0.9

i Glu AEEREE, xyl AAREER,
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R2. BT LEEIFR (8D )

Component Name Formula Adduct / Area Retention Precursor Mass Error
Charge Time(min) Mass (ppm)

allantoin C4HN,O, [M-H]- 8.01E+04 0.9 157.0367 -1
2-oxoadipate CoHgOs [M-H]- 1.95E+05 2.22 159.0299 2
Urate CsHN,0; [M-H]- 3.15E+05 2.29 167.0211 -0.5
Fructose CoH 1,05 [M-H]- 3.97E+05 0.85 179.0561 2.0
Galactitol CoH 105 [M-H]- 3.98E+06 0.84 181.0718 0.5
Mannitol CoH 1,06 [M-H]- 3.98E+06 0.84 181.0718 -0.5
azelaic acid CoH10, [M-H]- 5.15E+05 12.09 187.0976 -1.8
4-hydroxy-2-quinolinecarboxylic acid CyoH;NO, [M-H]- 1.78E+05 8.25 188.0353 -2.3
Quinic acid C;H,04 [M-H]- 3.75E+05 0.96 191.0561 2.0
D-glucuronic acid CeH,00; [M-H]- 8.83E+05 0.86 193.0354 -2.0
FFIERER Isoferulic acid CoH100, [M-H]- 3.40E+05 10.82 193.0506 2.3
E 2 # 2-Hydroxyadenosine C1oH13NsOs [M-H]- 7.88E+05 5.28 282.0844 -1
5¥guanosine CyoH13NsOs [M-H]- 3.04E+05 5.41 282.0844 -1.1
VAR Linoleic acid CigH0, [M-H]- 1.52E+08 22.88 279.233 -1.1
FTIRBR Citric acid CsHs0; [M-H]- 7.91E+06 2.03 191.0197 0.3
D-H E#& D-(+)-Mannose CeH1,06 [M-H]- 9.57E+05 0.97 179.0561 2.2
p-BZ R p-Coumaric acid CoHgO5 [M-H]- 1.81E+05 10.21 163.0401 -2.3
JRJLZXER Protocatechuic acid C,H:0, [M-H]- 6.89E+04 8.94 153.0193 2.1
7K# salicylic acid C,H:0, [M-H]- 7.20E+04 7.65 137.0244 2.2
L-3ERER L-Malic acid C,HsOs [M-H]- 2.T4E+06 1.03 133.0142 -1.1

« % & e

e L]
¥
Lo

i 1Bk

El7. PCA-DAS /Y E 8. X LA ( FC>2 5<0.5, p<0.05 )
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4.3 EZ R HPZE

X pfE<0.05, Fold change>25{<0.5, RVIP>17#1E & 4A 8] 9=
B4, mABMNERREYRLR148D, BAEFREDEERL
x3, KPFADPBAERFHRFVERRAK.

3. 1 AMAEZ BN EZERYIIER (85 )

Compound name p Fold change VIP
Py ERREE- 2 B 1 4.03E-12 108770 1.0754
Py EREEE - 2 B 2 6.51E-12 372910 1.0754
narcotin 8.16E-11 94224 1.0754
4'-Methoxy-7-0-(6"-acetyl)-D-glucopyranosyl-8,3'-dihydroxyflavanone 1.33E-10 15716 1.0754
Kamebanin+Glu+Gluc 1.45E-10 37569 1.0754
L% F 8 Brucine 1.62E-10 174220 1.0754
SRR (3,5-—MEEEZTER ) (Isochlorogenic acid A) 3,5-Di-O- 2.31E-10 84029 1.0754
caffeoylquinic acid

FIEERE-HE T R+ B2 B2 6.24E-10 33196 1.0753
Chrysoeriol (Luteolin 3'-methyl ether) 1.76E-09 17975 1.0753
PIZEEEE-1,4- T B+ B EBE 1 2.9E-09 328.2 1.0753
urate 3.74E-09 7.6725 1.0753
Py ZRREE-1,4- T ZRR+BaI BRREE 1 9.35E-09 411.69 1.0753
B RE-HE T _+E2BEl 1.13E-08 127.12 1.0753
Carnosic acid+Glu+Gluc 1.85E-08 57.671 1.0752
Androsin 2 2.12E-08 9.1087 1.0752
Homovanillic acid 2.52E-08 5.1605 1.0752
3-(4-hydroxyphenyl)-lactate 2.52E-08 5.1605 1.0752
M2BOA 2.87E-08 23.826 1.0752
HM2BOA+Glu+Glu 2.88E-08 91.8 1.0752

&1 GuABEERE, GluchAERERE,

RUO-MKT-02-15366-ZH-A
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ARCEIR T [EFSCIEX ZenoTOF™ 7600R Gt 7 £ EE K
NG FREN %, BRIZARPEERNREDN—REE
FHZHBRBFIEIMRM BFUNATEXSBZERRE
BEMR 1ZTTREIHSCIEX ZenoTOF™ 7600 R St HEE IR,
“RRYESNER, HESIDAZADBSIIREREAR, —4
Wi, RUBELEMNRESREN - REERTLEE/ND FRS
Y, ZARBE—RRELREE, BNRLAREENMZREL T
Fo B R LEE 330N FRIFY, BIEWAERETRKERE
¥, RFYEZEES. HP, RENRHDERD B EXRFY
KU ZER, ZAZBIEERRBAZT R, RUELEMNHK
BAMERPHRHYES, ARZFAENRATAFRIELD
RIFAF S B =L E RS EFF R T IRER YRS E R
NS%, ETRERIEESRY.
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554 PERIEX500R QTOF R Gl ST A LI A S R A 2

I

Metabolomic and lipidomic profilig of rapeseed based on X500R

QTOF High Resolution Mass Spectrometry

R, S, S8, Hik

Jia Jinru, Si Dandan, Long Zhimin, Guo Lihai

SCIEXK A FFHi0y, 1 E
SCIEX, China

Keywords: X500R QTOF, Metabolomics, Lipidomics, Rapeseed

pry S

]

il

EMHEAERIFENREY, BREATEDEKLENY
RSN SEDTUME B VIR AR E RS, MENK
WAAEARPAF —NEBRNN X, NEYARRNR, TH
MARATEMM. FREEFLDH AR ESKENENERREK
M REFRABT RN AE /NS FRB Y, B R REA
BAME#ITENREEDHT, HHERPHRANE, REE
EAEYREERY,

MELHFEHR FFENRHhRHEY, HREREE=X
BYRR. MEFHEAFENNERERE, BTZAEM
BERENGFE, FHEFRENERNE. BT REMIRHE
Sh, EFBEEBEMHEERNS, BIFEYEE. £5H.
KEWE, hZHTEHENERZROT, FII BT
AR =P AR R T A S B BT 3 H A = AN TR 40
TRE A,

AREXASHIFIEXS00R QTOFR S I A HUR KRB R
S50 (1IDA) BRETE, EREHHAT MG (DBS ) HARMST
MELOEERDFIERE, —XHAHRTRENEE —REHRR
EHR R R B, BIREREASCIEX OSHRMA#ITHT, RIE
BEANREY MU RIERN ZRIRELET RN S SRR
MK, BABE—RBHRER. BNES BN ZRES MRZE
FHREFIAREY2991 . BEF3871

RUO-MKT-02-15719-ZH-A

HiEWE

1. X500R QTOFE&EIAHREE, XATOF MS-IDA-MS/MSTET, 4
AIA SR EAET RN (DBS ) HA, —4#HTTNHE
MESHREN—RN_REELERE, THEREEHMA
FHMIEK,

2. SCIEX OSERfHEE & RA WS 7 — R BRI T — R AR
BE, MAMESEEIITRE, HAEFNCNENLEMHtT
LE, AREFHARTHIMFET N ERR SRR,

3. X500RE D HFUERFRORMPTSEESN, BAKN BN R
RELEP, URDERIEEENREEMER M.

HHaa Rt

SRFFAMELTERS: BB (1) . B% (2) . &4
(3). 21 (4) . $Z£F (5) . % (6) . FO (7). 4
B (8) . EMHAEH (9)

# dn G b 2

RIFAEHRAULE: BhEFERTERMRER, FRE
BEMRINEEMNZEMKREER (70/30, vv) , KAEBE
RH30 min, 7E4 °CT12000 rpmEr15 mine BOERE, B EE
1.5mL, 40 CKATRIAR TWRTF LE, HN200 plZBRKREESR
& (50/50, v/v) B&fE, 4 °CT12000 rpm&(>15 min, B L&
FoH.
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PERAZHMALE. hXAERMERMARER, RN BEER4A %
100 mgtédn, IAAN400 pKREEFIZOR &AW (75/25, v/v) , W&

. . BT Kinetex C18 column ( 100 mm x 2.1 mm, 2.6 pm )
B30 min; MIAL mUKFREM T EBTE M RIERS; REVKEE

715 min, FIA250 pUK, SREEESL min, TRHEI minE, & R 40°C
4 °CT12000 rpmB/L15 mine BTG, MEREREKE, ETE HREATR, 2L

SRBEOVLHRET, FTEOMERH400 plRRE/FE (1:1, v/
v) B3, EARIERTES CT12000 rpmBir15 min, BOEH
EEEBREHERTEFS

WENAR: AARE. ZIBEMOREER (L1, v/viv, &5mM
ZB%) , BARKNE (B5mMZERE)

RER: 0.3ml/min
BT E BERRF. BRTE

ExionLC™ZR G5 +SCIEXS 7 H#RIEX500R QTOF R 4t

Time (min) A(%) B (%)
0 80 20
1 80 20
5 60 40
7 40 60
20 10 90
21 10 90
21.1 80 20
23 80 20
B st BEigF 1t
RigHAZ RigHAFAEREAF
R Waters HSS T3 ( 100 mm x 2.1 mm, 1.8 pm ) SCIEXS 7 ##RIEX500R QTOF R 4E;
#Hi8: 40°C BFIE: ESVE;
BHREARR . 2L AR ESI+/-TOF MS-IDA 15TOF MS/MS; — R I3 & AT 8] ;
. ABIK (B0.05%FA) . 0.15s; “RAAIE): 0.0355;
BAZBEMRERASAE (1:1,v/v) FHESERE ;. MS1, m/z, 100-1500; MS2, m/z, 50-1500;
RIE: 0.3ml/min DBSENAE SHBRIT B
BHERRF: IWT& BT RS
Time (min) A(%) B(%) EREEEE(S): 5500 V/-4500V;  SAS(CUR): 35 psi;
2 zz 2 T LS (GSL): 55 psi; FBAMAS(GS2): 50 psi;
25 5 95 BFIRIBE(TEM): 550 C; W HES(CAD): 9 psi;
2 5 95 EKHEHE(DP): £ 60V, RIEAER(CE): £40=20V
27.1 95 5
30 95 5
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B IE R BT

R FSCIEX OSER X3 A BV EURR &, FHNBEMNSR
E—RN RS ARROELIREH TN, LR MFFHRIEY
AR BUR S

A F&IE R AF A HTinFEE

B EMADHT (PCA) MTTEDHT (ANOVA ) FGIT D177
HEXMEARREERNREVMBRETON, SREEREE
FHREY .

" .-'_
S Vet ."I Al I

TOF MS-DA-MS/MS (DBSiZH)
=it RERREN— RN SR

Bl AR RA LD ATRTEE

TRERSITR

1. B RAFR B FIEZ B9 B E

ALY RIS SCIEX OSER 4R AR B K& (1DA ) FISSRY
BRI (DBS ) B, —§HiME, ERNAN—RFEHRE
BN _RERELSNRE, RALEOHELEREREESNHR
REEIRE. RS EIREMIE REURE AT P EER S
W17, E2RINT SCIEX OSEHEEE —RIEERRER, XA
ASTHMA S, RIEBE—RERREH. BNEDHURZRE
ERRESSETHEVARLE, TMHFEEELHNLEDE
BHPERITE, AP T AR E. EI3-5FIHERRE. &
. mMARBEREE XS R ELET.

MEREERLENREY, RNRXABELQNLETRE, %
EERMKRENHETHE R, NHEZRFUEERBETRT. RIETTE
FRENRATRAR, BATESUNEHEFMANDTRE
B, FFUUMS/MSHIMLEC 1T HIMT . REMIMIEFF I M IHLLEE
200MRIY), TEEMAERE. BIHRE. mAFHEEX.
ARRE. AWMERHETES, UR3TMERMY, B mEE
Be. HimEE. #EAE. #BEF23 T, RIRT T M3 80
Ry (mREFEEX) -

RUO-MKT-02-15719-ZH-A

e —
RissEREE ' -
HFitE o
SHERLSY
Lo H oo ey LA T RSN L se—mra R E N
___!-'.'_'f.f 2 = i j I -
e MURER--O R ol P mmnad o
;4"—1-\-'-.—&.---1—-——'-:-.— | e R R e eI
PR | e e, S e e
Jd |
| i 5
| | BB
P, ol mm— TI o m
- '-:'F.‘." = - - e S l_:_-.TfT.'..'.'_"'_.‘."_":‘-.'.“‘".‘..'
- | x : , I
s | AT r
Ao ook o T LT :
= Bl = L =

2. OSE LR “RIEER RERRE R

R RIS, FANEMRE — SCEXRSAFENAXxE 77



JEFRECIHESF

I (i~ ' 130, =

EH T R ——— - e Sl e _q

i
(SLRLRRRIRINY

i O T T T T S ) . othin " Y -4 T EE

E3. KR RE LY —REERT Es. R AEEEL LS R EE BT

R R 2. Fit A
A o RGHEFAEIRER

ol ARIE F iR % B B R = 55 X B R AL AT T IS
o . BHEIHOIH, E6BRTT EMDAER, MEFRTRIEHQC

= Y7L <3 it A (FFEASHRANESY ) SETM EROMLE, #BER
y*- R : SREFPHNNREERBHBERE, BRSRE. FRAHHN
R i BATHUESHE, VSHBPRAZ IFERENER, #—5
BiTAnova T, BIP < 0.01 MFREHITE RREMIFE, EEE
Ela. EEKAL A Y — B EL AT I &G THE 134N A ZRIREY (k) , TEHE

BREERERRE

BERRAN

e
i

N
H

FLOmRAFHABNREY (RREFEEX)

ﬁ(;r:‘:onent Area RT/min Adduct Formula Pr:dc:sr:or AFtOJ:Ss Ma;::lri‘:;or
Glutathione (oxidized form) 4.69E+05 1.08 [M-H]- CyoH3Ng01,S, 611.1450 611.1451 0.6
glucotropaeolin 1.19E+06 4.46 [M-H]- C14H1oNO,S, 408.0426 408.0424 1.0
Glucobarbarin 1.89E+06 3.67 [M-H]- CisHNO S, 438.0528 438.0527 1.5
glucohesperin 2.65E+06 2.85 [M-H]- CisHy:NO,, S 464.0720 464.0718 -1.3
Methylpentyl glucosinolate 3.96E+06 6.03 [M-H]- Cy5H,5NO,S, 402.0891 402.0893 -1.0
Neoglucobrassicin isomer 8.36E+06 5.63 [M-H]- Ci7H5,N,04,S, 477.0643 477.0641 0.4
Methylpentyl glucosinolate isomer 9.18E+06 6.31 [M-H]- C13H3sNO,S, 402.0891 402.0892 -1.0
Methylpentyl glucosinolate isomer 1.19E+07 6.13 [M-H]- Ci3HysNO,S, 402.0891 402.0889 -1.0
Glucobrassicin 1.54E+07 5.30 [M-H]- CisH2N,0,S, 447.0540 447.0534 0.7
Neoglucobrassicin 1.79E+07 6.57 [M-H]- Ci7H5,N,04,S, 477.0636 477.0636 1.5
glucoraphanin 3.4TE+07 0.92 [M-H]- C1,Hy5NO,, S 436.0405 436.0404 1.7
glucoberteroin 3.49E+07 5.63 [M-H]- Cy13H,sNOGS, 434.0620 434.0615 -0.8
glucoalyssin 3.71E+07 1.08 [M-H]- Ci3sHysNO,,Ss 450.0560 450.0559 2.1
gluconapoliferin 3.72E+07 1.09 [M-H]- Ci,H,NO,,S, 402.0530 402.0526 2.0
gluconasturtiin 4.86E+07 5.64 [M-H]- Cy5H,NO,S, 422.0582 422.0582 0.8
glucobrassicanapin 1.07E+08 3.41 [M-H]- Ci,H,:NO,S, 386.0580 386.0575 -3.9
glucobrassicanapin isomer 1.50E+08 3.88 [M-H]- C,H;NO,S, 386.0580 386.0575 -2.1
gluconapin 4.04E+08 1.12 [M-H]- Cy;H1NOSS, 372.0420 372.0425 1.7
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F2. FEIMMEENZRAGENIIE

Component Name Area RT/min Formula Found At Mass
(11E)-Octadecenoic acid 2.48E+06 25.33 CisH3.0, 283.2635
(2S)-2-sinapoyl-4-pentenenitrile 1.08E+06 12.30 CieHizNO; 302.1030
(9E)-9-Octadecenedioic acid 3.24E+06 14.99 CisH3,0, 311.2223
E')gczt’aljezéziﬁze_:’elpze,:(ioic acid 1.07E+06 19.66 CigH300; 295.2268
1-O-b-D-glucopyranosyl sinapate 3.86E+05 6.24 Cy7H,,04 387.1292
2-Furoic acid 9.60E+05 1.08 CsH,0; 111.0089
2-Oxooctadecanoic acid 4.32E+06 19.70 CisH340;4 297.2429
2-Piperidinylphosphonic acid 2.98E+06 7.45 CsH;,NO,P 164.0479
3,4,5-TRIETHOXYBENZOIC ACID 4.16E+06 6.50 CsH 1505 253.1079
Caffeic acid 3-glucoside 5.39E+06 4.92 Cyi5H150, 341.0877
Caffeoylcholine 2.21E+06 4.41 CiHyNO,+ 266.1385
Coniferyl alcohol 1.01E+06 7.45 CyoH120; 179.0713
Coumaric acid 6.90E+05 3.59 CoHg 0, 165.0545
FA 18:2 5.12E+06 18.59 CisH3,0;4 295.2271
glucoalyssin 3.71E+07 1.08 Ci3HysNO,, S, 450.0559
glucoberteroin 3.49E+07 5.63 Ci3H,sNOGS, 434.0615
gluconasturtiin 4.86E+07 5.64 Cy5H,NO,S, 422.0582
glucoraphanin 3.47E+07 0.92 C1,Hy5NO,Ss 436.0404
Glutathione (oxidized form) 4.69E+05 1.08 CyoH3,Ng04,S, 611.1451
hydroxyferuloylcholine 9.39E+06 4.77 CisH,NOG+ 296.1488
Iridin 8.32E+05 8.40 CoqHsO1s 521.1301
isorhamnetin-3-O-glucoside 4.53E+05 8.13 C,,H,,04, 477.1036
Isoswertisin 2'"'-rhamnoside 6.55E+06 9.94 CyH3,04 591.1708
Kaempferol

3-0-Hydroxyferuloylsophoroside 4.29E+05 5.11 Cu3Hus055 963.2423
7-0-Glucoside

Kaempferol 3-sophorotrioside 5.53E+06 4.80 C33H400,1 773.2138
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Component Area RT/min Formula Found At
Name Mass
FA 18:2 1.11E+08 2.33 CysH3,0, 279.2323
FA 16:0 7.89E+07 2.91 CyH,0, 255.2325
FA18:1 1.48E+08 3.20 Cy5H30, 281.248
FA 18:0 4.27E+07 437 Cy5H360, 283.2638
FA 20:1 6.77TE+07 4.60 CyoH350, 309.2799
FA22:1 1.23E+08 6.01 CyHi0, 337.3098
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Large scale targeted metabolomics assay for quantitative

plasma profiling

Using the SCIEX Triple Quad™ or QTRAP® Systems

Kranthi Chebrolu, Robert Proos, Christie Hunter
SCIEX, USA

Untargeted serum metabolomics studies have detected,
identified and documented over 75% of endogenous
compounds.! However, only a handful of robust and sensitive
targeted methods are in existence to quantify large panels of
endogenous metabolites in a single assay. Methods for the
quantification of plasma metabolites have great utility for many
applications, including disease research, food omics and
pharmaceutical development, among others. However, the wide
structural diversity of metabolites, and hence the broad
chromatographic and ionization properties of these compounds,
have posed an immense challenge in developing high-
throughput, large scale targeted LC-MS methods for semi-
quantitative purposes.

Here, a large, high-throughput serum metabolite method
consisting of 336 serum metabolites was developed and tested
using SRM 1950 plasma. The chromatographic separations were
performed on a Kinetex F5 (Phenomenex, CA) column using
standard reversed-phase mobile phases for reliable separations
of a majority of serum analytes. Development of the MRM
method was done both from standards and from testing in
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Figure 1. Broad compound class coverage. Targeted MRM assay
covers a broad range of metabolites typically found in plasma/serum.
The method covers 11 metabolite classes as defined in HMDB.
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matrix, as well as leveraging the CAS numbers, accurate mass
information, compound nomenclature and groups from Human
Metabolite Data Base (HMDB). Both polarity switching and the
Scheduled MRM™ Algorithm were used to ensure the robust
analysis of this large panel of analytes in a single injection. The
assay was tested on both the SCIEX Triple Quad 7500 LC-
MS/MS System — QTRAP Ready and the QTRAP 6500+ LC-
MS/MS System.?

Key features of the targeted plasma
metabolomics method

o Full solution for targeted quantitative metabolomics for easy
adoption on any SCIEX Triple Quad or QTRAP System

o MRM-based assay for reproducible quantification of a broad
range of metabolites in biological samples
e ~85% of MRM transitions with <20% CV in 10 replicates for

734 MRMs in single injection

o Detailed standard operating protocol describing sample
preparation through data processing

o sMRM Pro Builder tool for streamlining retention time
windows, dwell time determination and assay optimization

e Targeted analysis for simplified data processing in SCIEX OS
software

e High data reproducibility demonstrates robustness of the
implementation on both the SCIEX 7500 System and the
QTRAP 6500+ System
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Methods

Sample preparation: NIST SRM 1950 plasma was extracted
using 8 volumes of methanol then spiked with internal standard
QReSS kit (Cambridge Isotopes). After centrifugation to
precipitate the proteins, the supernatant was directly analyzed.
More details on the sample preparation can be found in the
SCIEX How method.*

Chromatography: Samples were analyzed using the ExionLC™
System with a Kinetex F5 column (2.1 x 150 mm, 2.6 ym,
Phenomenex). A simple linear gradient from 0 to 95% B was
used with standard reversed phase mobile phases (A =0.1%
formic acid in water and B = 0.1% formic acid in acetonitrile) with
a flow rate of 200 pyL/min. A 1 yL injection volume was used and
the column temperature was maintained at 30 °C throughout the
analysis. More details on the chromatography can be found in
the SCIEX How method.*

Mass spectrometry: The sample extract was analyzed on both
the QTRAP 6500+ System and the SCIEX 7500 System. Data
were collected using methods built with the Scheduled MRM™
Algorithm as well as unscheduled methods. Finally, this high
throughput method is used to analyze 336 serum metabolites (a
total of 784 MRM transitions) in a 20 min run period. More details
on the MS settings and the MRM transition list can be
downloaded from the SCIEX How method.*

Data processing: All data was analyzed using the Analytics
module in SCIEX OS Software 2.0.

Multiple MEM per Metabolite
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Figure 2. Robust MRM assay with multiple MRMs per metabolite. To
increase assay robustness and specificity, over 65% of the 336
metabolites in the assay have more than 1 MRM transition per
metabolite.
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Figure 3. Reversed phase chromatography approach. The Kinetex
F5 column provided good retention of the polar metabolites while also
providing separation across the gradient of the many other compound
classes. The top graph shows the separation of metabolites detected in
positive mode and the bottom graph shows the negative mode
metabolites.

Chromatography

Chromatography of metabolites can be difficult due to the broad
range of properties across the compounds of interest. Balancing
the retention of polar metabolites as well as separation across
the gradient of many other classes of metabolites is key to the
development of a generic global profiling method. A reverse-
phase method with a Kinetex F5 column (Phenomenex) was
used to retain both nonpolar and polar analytes in a single
separation for this broad targeted metabolite assay. Figure 3
highlights the separation achieved for the metabolites detected in
positive ion mode and negative ion mode, color coded by
metabolite class. The retention time reproducibility was highly
consistent across the 10 replicates, with an RSD of 0.38% in
plasma matrix.
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It should be noted that the method described here is intended for
use as a starter method to cover a broad range of metabolites,
metabolite classes and associated pathways. Optimization of the
chromatography, compounds monitored, and the specific MRM
transitions and parameters could quickly be performed
depending on the specific matrix, pathways, and analytes of
interest.

Importance of time scheduling MRMs

Injections were performed without time scheduling in positive
(blue) and negative (green) ion polarities to detect metabolites
and determine retention times. Replicate injections using
Scheduled MRM™ Algorithm were then performed in positive
and negative ion mode to further refine retention times. The
increased dwell times afforded by the use of the Scheduled
MRM Algorithm provide improved peak area reproducibility
across 10 replicates, as seen in Figure 4.

After removal of a small number of transitions that were poorly
detected in this particular plasma sample, 264 MRM transitions
were monitored in positive mode for the final dataset. A large
improvement in peak area reproducibility was observed with time
scheduled (blue solid) and without time scheduled (blue dotted).
In the unscheduled method, a dwell time of 5 msec was set,
giving a cycle time of 1.8 sec. After time-scheduling, the average
dwell time was 64 msec and the target cycle time was set at 1
sec.

A more dramatic effect was observed in negative mode where a
much larger number of MRM transitions (470 final MRM

e
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Figure 4. Improvement in data quality with time scheduling of
MRM transitions. Ten replicate injections were performed without
time scheduling (dotted line) to detect metabolites and to determine
retention times. Then using Scheduled MRM Algorithm, 10 more
replicates were injected to assess reproducibility gains due to time
scheduling. In both positive ion (blue) and negative ion (green) mode,
large increases in data reproducibility were observed.
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Figure 5. Fast polarity switching for broadest compound coverage
in single injection assay. High data quality is maintained when both
the positive and negative ion MRM transitions are combined into a
single method with fast polarity switching. No decline in data quality was
observed when compared to the individual single polarity methods: 80%
of MRM transitions analyzed over 10 replicates has %CV < 15%, but
with over 700 MRM transitions in the assay.

transitions) was monitored (Figure 4, green lines). Again, a large
increase in dwell time is obtained upon using the Scheduled
MRM Algorithm for scheduling such a large numbers of MRM
transitions, hence the increase in data quality and reproducibility.
In this case, with many more analytes, a dwell time of 5 msec
was used, giving a cycle time of 3.3 sec for the unscheduled
method (dotted green lines). After time-scheduling, the average
dwell time was 20 msec and the target cycle time was set at 1
sec (solid green lines).

Fast polarity switching

The next step was to combine both the positive mode and
negative mode analytes together into a single, final method. This
was possible due to the fast polarity switching available on the
SCIEX 7500 System. A total of 734 MRM transitions were
combined into the final single, time-scheduled MRM assay with
polarity switching, to get wide metabolite coverage in a single
assay. Ten replicate injections were performed and the peak
area reproducibility was compared to the previous single polarity
methods (Figure 5, red line). High data quality was maintained
when running the complete assay. There is no decay in the
cumulative reproducibility curve from what was seen in negative
mode only (470 MRMs) when compared to the full polarity
switching method (734 MRMs).

In this final dataset, ~70% of analytes were reproducibly
measured across 10 replicates with %CV < 10%, and ~85%
were measured (or in other words, about 600 MRM transitions)
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Dynamic Range of Analytes Finally, the method encompasses compounds from 69 pathways
15 including the TCA cycle, glycolysis, purine pyrimidine
metabolism and amino acid metabolism (Figure 7).

Conclusions

The large scale polarity switching method using Scheduled MRM
Algorithm has been developed to quantify ~336 serum
metabolites in plasma and can be used for large scale targeted
metabolomics studies.

Analyte Fraquency

e The sMRM Pro Builder Tool was developed to streamline
optimization of the sMRM assay and provide insights on MRM
assay data quality

LE+3 LE+D4 1.Ee{% 1.E+D LE+«OF LR 1E«(9
Average Arca

e Time scheduling of MRMs provided significant improvements
over unscheduled methods for this large of a number of MRM
transitions, with 95% of positive mode data and 80% of
negative mode data having peak area %CV <15%

%LV vs. Analyte Area

e Using polarity switching to include both positive and negative
ion mode metabolites in a single sSMRM method also provided
high quality data, with no loss in peak area reproducibility
compared to individual single polarity sMRM method

o Improved sensitivity of the SCIEX 7500 System showed up to
: a 3-5 fold increase in signal to noise ratio over the QTRAP
o 6500+ System, which provides detection and quantification of

ARD:2 N0 = O, (L, TRSEs  TERROR.. ! LO00 ~30% more metabolites in plasma.3
Average Area

Figure 6. Reproducibility across the dynamic range. Wide
dynamic range was observed in the detected metabolites using this
assay, with over 4 orders of magnitude (top). As expected, the
average observed peak area reproducibility across the 10 replicate
injections track with peak area, with only the very lowest analytes
having higher %CVs (bottom).

with %CV < 20%. The final average dwell time was 14 msec and
the target cycle time was set at 1 sec.

Dynamic range and coverage

The ability to precisely quantify both the high abundant
metabolites as well as the low abundant analytes in a large
multiplex panel is essential for researchers. This assay covers a
wide range of metabolites in plasma spread across a broad
range of abundance (Figure 6, top). On both the QTRAP 6500+
System and the SCIEX 7500 System, the instrument dynamic
range is very high, up to 6 orders of linear dynamic range,
enabling this large assay to be performed in a single run using
simple sample preparation. The reproducibility observed for the
higher abundant analytes was below 5% CV in the final assay.
As expected, reproducibility decreases slightly as the
abundance decreases, but still remains good down to the very
low abundant, difficult to detect metabolites (Figure 6, bottom).
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Compounds analyzed in specific pathways
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Figure 7. Targeted assay contains metabolites from 69 different metabolic pathways. The compounds present in the method were linked to the
pathways they belong to using MetaboAnalyst 5.0 online tool. The compound name list was submitted in the Pathway analysis tool under Annotated

features. Further, option Homo sapiens (SMPDB) was chosen for library search and

match to run the pathway analysis tool. Later, the

Patway_results.csv file was downloaded to obtain all the pathways indicated for the list of uploaded compounds.

References

1. Adam MG et al., (2021) Identification and validation of

multivariable prediction model based on blood plasma and 3.
serum metabolomics for the distinction of chronic

pancreatitis subjects from non-pancreas disease control

subjects. Gut 0: 1-9. 4.

Yuan M, Breitkopf SB, Yang X, Asara JM. (2012) A
positive/negative ion—switching, targeted mass

RUO-MKT-02-13259-A

spectrometry—based metabolomics platform for bodily fluids,
cells, and fresh and fixed tissue. Nat Protocols. 7(5), 872-81.

Significant sensitivity increases provides 30% more polar
metabolites quantified in plasma. SCIEX technical note
RUO-MKT-02-12701-A.

SCIEX How solution for Targeted profiling method for
metabolomics. SCIEX How, RUO-MKT-02-12750-A.
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Significant sensitivity increases provides 30% more polar
metabolites quantified in plasma

With the SCIEX Triple Quad™ 7500 LC-MS/MS System — QTRAP® Ready

Robert Proos, Darren Dumlao, Kranthi Chebrolu, Christie Hunter

SCIEX, USA

Studying the impact of biological perturbations on the
metabolome requires high sensitivity and specificity, as well as
the ability to multiplex large numbers of known metabolites in a
single assay. The utility of LC-MS/MS analysis for the
quantification of metabolites from biological samples has
become widely accepted as the key analytical solution due to the
aforementioned requirements.’

In addition to very good sensitivity and specificity, targeted
analysis using multiple reaction monitoring (MRM) on triple
quadrupole MS systems has the advantage of throughput and
simplified data processing. By focusing on known important
metabolites that are key to biology, quantitative results provide
key biological insights. These platforms are capable of fast
polarity switching, allowing a broad range of analytes to be
interrogated in a single injection. Finally, because of broad
dynamic range typically required for biological samples, high
sensitivity is a critical attribute of the LC-MS system for the
analytes with needing lower detection limits that were previously
undetectable and for smaller sample sizes.
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Figure 1. Increased sensitivity on the SCIEX 7500 System
improved the number of metabolites detected. A similar analysis
was run on both the QTRAP® 6500+ System and the SCIEX 7500
System was performed. The SCIEX 7500 System showed a 25%
increase in metabolite detected was observed in positive ion mode,
and a 41% increase was observed in negative mode. Note some
metabolites were detected in both polarities and thus the overall gain
in detected metabolites was 30%.

RUO-MKT-02-12701-A

A targeted LC-MS/MS assay with MRM transitions for over 450
metabolites was used to assess the impact of added sensitivity
on the detection and quantification of metabolites in plasma.
Using a generic reversed-phase chromatography method and
operating the MS systems in both positive and negative polarity
modes to obtain broad coverage, a similar method was run on
three separate QTRAP 6500+ systems and as well as three
separate SCIEX 7500 systems under independent lab settings.

Key features of the SCIEX 7500 System for
quantification of polar metabolites

o Provides significant gains in sensitivity though increased
generation, capture, and transmission of ions with the:

e OptiFlow® Pro lon Source with E Lens™ Technology and
the D Jet™ lon Guide?

e NIST SRM 1950 plasma was used as reference material to
compare platforms

e Higher sensitivity and S/N on the SCIEX 7500 System yielded
large improvements in detected, quantifiable of metabolites-
up to 30% more vs the QTRAP 6500+ System (Figure 1)

e Targeted assay is provided, complete with a standard
operating protocol, an MRM list, and tools to facilitate method
development (sMRM Builder template) can also integrate
internal standard kits if required.?
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Methods

Sample preparation: NIST SRM 1950 plasma was extracted
using 8 volumes of methanol then spiked with internal standard
QReSS kit (Cambridge Isotopes). After centrifugation to
precipitate the proteins, the supernatant was directly analyzed.

Chromatography: Samples were analyzed using the ExionLC™
System with a Kinetex® F5 column (2.1 x 150 mm, 2.6 um,
Phenomenex). Simple linear gradient from 0 to 95% B was used
with standard reverse phase mobile phases (A = 0.1% formic
acid in water and B = 0.1% formic acid in acetonitrile) with a flow
rate of 200 yL/min. A 1 pL injection volume was used and the
column temperature was maintained at 30 °C throughout the
analysis.

Mass spectrometry: The same extracted sample was analyzed
on both the QTRAP® 6500+ System and the SCIEX 7500
System. Data was collected using methods built with the
Scheduled MRM™ Algorithm as well as unscheduled methods.
Variations of the method were repeated on two additional
instrument sets to confirm the observed sensitivity gains.
Detailed method information is available in the supplementary
method.? Finally, this high throughput method is used to analyze
over 400 serum metabolites in a 20 min run period.

Data processing: All data was analyzed using the Analytics
module in SCIEX OS Software.
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Figure 2. Signal to noise improvement for negative ion mode
metabolites. Example shown here for Xanthine, created from guanine
during purine degradation. Here the improved area and S/N observed
when running the same assay on the SCIEX 7500 System as compared
to the QTRAP 6500+ System is highlighted.
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Figure 3. Signal to noise improvement for positive ion mode
metabolites. Example shown here of argininosuccinate, an essential
amino acid formed from citrulline in the uric acid biosynthetic pathway,
highlights the improved area and S/N observed when running the same
assay on the SCIEX 7500 System as compared to the QTRAP 6500+
System.

Sensitivity improvements on the SCIEX 7500
System

A number of innovations on the SCIEX 7500 System have
resulted in increased sensitivity for MRM analysis. Here, the
impact of these sensitivity gains on a targeted metabolomics
assay was evaluated by comparing the signals observed after
running a similar assay on six instruments (3 QTRAP 6500+
systems and 3 SCIEX 7500 systems). Example comparisons are
shown in Figures 2 and 3 for positive and negative ion mode,
highlighting the sensitivity gains on the raw signal. Xanthine
analyzed in negative ion mode had a small detectable signal on
the QTRAP 6500+ System but had a much improved signal on
the SCIEX 7500 System (30x area and 8x S/N gains). An
example for positive ion mode is argininosuccinate, showing a
13x gain in area and a 4x gain in S/N.

Perhaps more compelling was the ability to detect metabolites on
the SCIEX 7500 System that were undetectable (below the
noise) on the QTRAP 6500+ System. Two examples are
showing in Figure 4, for both positive ion mode (retinal) and
negative ion mode (pyridoxic acid). Retinal is a small molecule
metabolized through oxidation of B-carotene in the human body
and is essential, especially for night vision. Pyridoxic acid is a
catabolic product of vitamin B6 metabolism.
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Figure 4. Improved S/N leads to quantification of additional metabolites. Compounds that were not detectable in the plasma sample on the QTRAP
6500+ System are now easily quantified on the SCIEX 7500 System. Retinal was easily quantified in positive ion mode (left) and pyridoxic acid in
negative ion mode (right) also showed a large increase in signal and S/N on the SCIEX 7500 System.

Increased numbers of metabolites detected

Next, the results across the assay were compared looking at the
peak areas, the peak heights and the S/N between the two
instruments and by computing the fold increases for each
metabolite. This allowed some general conclusions to be drawn
between the two platforms (Table 1). In positive ion mode, the
average peak area gain was 17x providing an overall signal /
noise gain of 3x. In negative ion mode, the sensitivity increases
were a bit more pronounced with a peak area gain of 40x and a
S/N gain of 5x. The increased S/N and peak areas led to an
increase in the number of metabolites that could be reliably
detected and quantified in the assay. Peak detection used a
minimum S/N value of 3.

Table 1. Average gains observed on the SCIEX 7500 System vs
the QTRAP 6500+ System. The average peak area, peak height
and S/N were compared between the two platforms to characterize
the average observed gains.

Average fold increase

Positive ion mode Negative ion mode

Peak area 17 40
Peak height 18 43
Signal / noise 3 5

RUO-MKT-02-12701-A

The resulting gains in metabolites detected and quantified is
shown in Figure 1. In positive ion mode, 173 metabolites were
detected on the QTRAP 6500+ System and 216 were detected
on the SCIEX 7500 System, an increase in detected metabolites
of 25%. The results were even more significant in negative
mode, with 151 metabolites detected on the QTRAP 6500+
System and 213 detected on the SCIEX 7500 System - a gain of
41%. As some metabolites were measured and detected in both
polarities, the overall gain in detected metabolites was 30%.

Confirmation of results on multiple
instrument platforms

In order to ensure a robust conclusion, sample analysis was
repeated across multiple instrument sets: a total of three QTRAP
6500+ systems and three SCIEX 7500 systems. The S/N for
each metabolite detected was measured and then compared
between both instruments to compute a fold increase in signal to
noise. This was done across the dataset such that a normal
distribution for each instrument set could be plotted (Figure 5).
Due to the wide range of analytes covered in these global
targeted methods, global source conditions were used on both
instruments. This is likely the source of some of the larger, or
smaller, than expected sensitivity differences between platforms.
Nevertheless, the data demonstrated the general increase that
can be expected upon translating this global metabolomics
method from the QTRAP 6500+ System to the SCIEX 7500
System.
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Figure 5. Repeating results on multiple instruments. To confirm the observed sensitivity gains from instrument set 1, similar methods were run on
two more instrument sets. As shown in the distributions for the three instrument sets, similar sensitivity gains were observed in both polarities. On
average, signal to noise gains of ~3.5 were observed for the SCIEX 7500 System for each instrument set tested. Note general source conditions must
be used when monitoring such wide ranging analytes, likely resulting in the broader than expected distribution of S/N gains.
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Targeted metabolomics in rat urine using Zeno MS/MS

Analysis on the SCIEX ZenoTOF 7600 system

Kranthi Chebrolu!, Jason Causon?, Robert Di Lorenzo?, Christie Hunter’

'SCIEX, USA; °SCIEX, Canada

Often researchers in academic labs and those performing clinical

trials are only given very small amounts of sample, and need to
get the most information from the modest volume. This
requirement drives the need for targeted assays with high
sensitivity and specificity, to obtain high-quality, quantitative
results in complex biological samples and to deliver biological
insight. High-resolution accurate mass (HRMS) systems have
excellent utility in untargeted metabolomics and compound
identification in complex matrices because of their high
specificity and full-scan MS/MS quality. However, HRMS
instruments typically have not been the chosen instrument to
perform accurate quantification of a targeted panel of analytes
because of their lower sensitivity. In addition, some high
resolution platforms cannot keep high resolution at the scan
speeds required for fast analyses.

With the introduction of the SCIEX ZenoTOF 7600 system,
scientists can now achieve quantitative results at high speeds
with high mass accuracy. The core innovation on the ZenoTOF
7600 system is the Zeno trap that when activated, provides
significant improvements in duty cycle due to the optimization of
ion transmission from the collision cell into the accelerator." This
duty cycle improvement provides a substantial increase in
MS/MS sensitivity and thus enables targeted high resolution
workflows. Here, a small, targeted assay for metabolites in urine
from a diabetic rat model was used to characterize the MRMHR
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Figure 1. Significant sensitivity gains in MS/MS. Comparison of
extraction ion chromatograms (XICs) for cAMP fragments obtained
from MS/MS collect with Zeno trap on (blue) vs. Zeno trap off (pink).
Signal/noise ratio improved ~12.5 fold when using the Zeno trap. This
XIC is from a 2 pL injection of diluted urine.
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workflow and the impact of Zeno MS/MS on the quality of
quantitative results.

Urine samples from a Zucker diabetic rat model were obtained
and a targeted assay for 13 metabolites was developed.
Sensitivity between the Zeno trap on and Zeno trap off methods
was compared and a significant gain in MS/MS signal was
observed (for example: cAMP fragment in Figure 1 shows a ~12-
fold improvement). In this technical note, the complete workflow
from data acquisition through to statistical analysis of results is
described.

Key features of the ZenoTOF 7600 system for
targeted metabolomics

o Significant increases in MS/MS sensitivity due to Zeno trap,
which delivers 290%" duty cycle on MS/MS fragments while
still maintaining fast acquisition rates (up to 133 Hz)

o MS/MS XIC peak area gains of ~13 fold with Zeno trap
activated for high-sensitivity quantification of detected
metabolites

o Flexibility of a QTOF instrument for additional workflow

e SWATH acquisition, data dependent acquisition, electron
activated dissociation (EAD)
e Powerful data processing tools in SCIEX OS software for
accurate quantification, followed by multivariate statistical
analysis using MarkerView software
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Methods

Sample preparation: Urine samples were collected from four
distinct rat groups: Zucker diabetic fatty (ZDF) rats, male and
female; Sprague Dawley (SD) rats, male and female. Urine was
collected from N=5 rats per group. 20uL of urine was aliquoted
and diluted 10-fold with mobile phase A prior to LC-MS/MS
analysis.

Chromatography: An ExionLC AD HPLC system (SCIEX) with
a Phenomenex Luna Omega Polar C18, 3 pm 150 x 2.1 mm
(O0F-4760-AN) was used for sample separation. A simple linear
gradient from 0 to 95% B was used with standard reverse phase
mobile phases (A = 0.1% formic acid in water and B = 0.1%
formic acid in acetonitrile) with a flow rate of 300 yL/min. Either a
0.2 or 2 pL injection volume was used and the column
temperature was maintained at 40 °C throughout the analysis.
The total run time was 13.1 min including 2 min of equilibration.

Mass spectrometry: MRMR data was acquired on the SCIEX
ZenoTOF 7600 system in positive ESI mode using SCIEX OS
software. The ion source conditions were as follows: CUR 35,
GS1 55, GS2 55, ISVF 5500, TEM 600 °C. High resolution
MS/MS was collected for each metabolite using an accumulation
time of 10 msec. A collision energy (CE) of 30 was used for
each MS/MS. Methods were built with the Zeno trap both
activated and deactivated to enable the sensitivity comparisons.
Three replicates were collected on each sample with each
method.

Data processing: MS/MS interpretation, peak integration, and
quantitative analysis were conducted in SCIEX OS software,
then results were imported into MarkerView software for
multivariate statistical analysis (Figure 2). To build a processing
method for MRMHR data, the MS/MS spectrum was first
examined in the Explorer module to select the best fragment ion.
This was also compared to the library spectrum from LibraryView
software using the SCIEX Accurate Mass Metabolite Library

0s

Figure 2. Workflow diagram. Data was both acquired and
processed using SCIEX OS software. MS/MS was interpreted using
both Explorer and Analytics, library searching was performed using
the Library View and ChemSpider.
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Figure 3. Explorer in SCIEX OS software for metabolite
identification. The top pane shows the extracted ion chromatogram
(XIC) of phenylalanine, whereas the middle pane shows the
experimental accurate mass MS/MS which can be used to select the
fragment mass of interest from LibraryView software. The bottom pane
shows the structure obtained from ChemSpider that provided in silico
(theoretical) fragmentation and accurate mass information that was later
used in the calculation of mass error.
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(AMMSL 2.0). Structural information from ChemSpider was also
used to confirm the identity of the fragment and obtain the
theoretical m/z of fragment of interest to be used. This fragment
accurate mass information obtained in Explorer mode (Figure 3)
was then used to build a final processing method in the Analytics
module of SCIEX OS software. Peak areas of the fragment ions
were then imported into MarkerView software for statistical
analysis.

Zeno MRM"R workflow for targeted
quantification

When activated, the Zeno trap provides a significant increase in
MS/MS signal on the ZenoTOF 7600 system, while maintaining
very high acquisition rates, and not sacrificing mass resolution.
Using a targeted MRMHR assay for 13 metabolites in urine, the
sensitivity gains due to the activation of the Zeno trap was
explored. Extracted ion chromatograms (XICs) were compared
from the data collected with the Zeno trap on and off to
determine gains in sensitivity. As shown in Figure 1, cyclic AMP
produces a dominant fragment ion at m/z 136.0618 with
significant signal gains of over 10 fold observed.

To address the concerns of limited sample volume, a
comparative experiment was performed using a 0.2 pL injection
volume with the Zeno trap on, and a 2 pL injection volume with
Zeno trap off (Figure 4). Even with ten-fold less sample injected
on column, the peak area for the XIC of the m/z 136.0618
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Figure 4. Better sensitivity in MS/MS with 10x less sample.
Comparison of extraction ion chromatograms for cAMP fragments
obtained from MS/MS collect with Zeno trap on (0.2 pL injection, blue)
vs. Zeno trap off (2 pL injection, pink). Signal/noise ratio improved ~1.5
fold when using the Zeno trap. MS/MS acquisition rates are very fast (10
msec accumulation) providing 15 data points across the peak at base.

fragment mass with the Zeno trap on ~1.5 fold higher. With
higher dilution factors or lower loading of complex matrices on
column, matrix effects are reduced improving data quality. Also
the ability to analyze much lower sample volumes can be an
advantages for some researchers with very precious samples.

The comparison between Zeno trap off vs. on was done for each
of the 13 metabolites analyzed and the results are summarized
in Table 1. The data quality specifications such as fragment
mass error, library match and area gains with the Zeno trap on
are presented in Table 1. The mass error for the quantifiable
fragment ions were <3ppm for 12 out of 13 compounds analyzed
in this study. On average, the significant area gains obtained
with the Zeno trap on for MS/MS is 14-fold higher compared to
the Zeno trap off. It is important to note that the MS/MS
acquisition rate was very high (10 msec accumulation time per
MS/MS).

MarkerView software for statistical analysis

Here, a small sample set was explored to test the workflow from
quantification to statistical analysis (Figure 5, Table 2).34 Note
these metabolites were selected based on previous results from
a SWATH acquisition study on the same sample set.?
Metabolites of interest were selected and included in this
targeted assay study. Unsupervised principle component
analysis (PCA) was used to generate the two-dimensional score
plots in MarkerView software (MV). The four categories of mouse
models, ZDF-male and female, SD-male and female have
clustered differentially, are clearly separated, and 97% of the
variance was explained by the PC1 and PC2 (Figure 5, top).
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Table 1. Increased quality of MS/MS spectra due to Zeno trap.
Activation of the Zeno trap provided significant MS/MS signal increase
and therefore large increases in fragment ion XICs (average of 13.6
fold). High mass accuracy and very good library hits were observed for
the resulting Zeno MS/MS spectra.

MS/MS Area gain
Metsbote  Fragment Libray fragmert  with Zeno

(ppm) (on/off)
Acetylglutamate 84.0444 v -0.14 12.51
Arginine 70.0651 v 3.73 13.18
Carnitine 103.0401 Vv -4.52 11.12
Creatine 43.0291 v 3.87 18.11
Cyclic AMP 136.0618 v 2.56 10.00
Glutamine 84.0444 v 1.72 18.08
Histidine 110.0713 v 0.24 26.72*
Leucine 69.0699 v 0.56 15.83
Methyladenosine 150.0778 v 1.28 10.28
Phenylalanine 120.0808 v 2.37 10.38
Tryptophan 118.0651 v 0.26 11.93
Tyrosine 119.0495 v -3.81 8.89
Uric acid 141.0407 4 4.24 10.29

Average area gain: 13.64

*Zeno trap off peak area very low, hard to measure

The loading plots showed four PCV groups (data not shown).
Metabolites showing large changes on the loadings plot were
selected and displayed as box and whisker plots across the
samples (Figure 5 bottom). cAMP and methyladenosine had
similar pattern of difference across the samples, while creatine
showed a different pattern across the ZDF and SD urine
samples.

SWATH acquisition to MRM"R workflow

Here, the ability to create a SWATH acquisition to MRMHR
workflow for metabolomics was also demonstrated, as SWATH
acquisition was performed on the same sample set on the same
instrument. Metabolites that showed differences in abundance
between experiment groups from the SWATH acquisition data
were selected along with a few additional metabolites, and used
to build a targeted MRMHR method. Good correlation was
observed in the fold change results between the different
diabetic mice vs. the SD male sample for the eight metabolites
measured in both datasets (1?2 0.92 for all the group
comparisons, Figure 6). This highlights the feasibility of
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Scores for PC1(91.8 %) versus PC2(5.1 %)
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Figure 5. Principal component analysis (PCA) highlights clear
differences between samples. Peak areas from MRM"R data were
imported into MarkerView software and PCA-PCVG was performed.
(Top) Scores plot shows both good reproducibility between replicate
injections and clear separation of the different rat urine samples, even
with just these 13 targeted metabolites. (Bottom) Box and whisker plots
for selected analytes highlights the differences seen across the
samples.

performing the non-targeted screening workflow as well as a
targeted quantification assay on a single HRAM system.

With the SWATH acquisition workflow, a large number of
metabolites can be quantified from a single run and provide
preliminary quantitative results to find differences between
samples. When an MRM"R assay is next developed for the same
analytes, a much more narrow Q1 isolation window is used

RUO-MKT-02-13297-B
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Table 2. Differences in metabolite abundances between the rat urine
samples. Using the male SD rats for comparison, the peak area fold
changes (log 2 peak area ratio) were computed.

Log2 peak area ratios

Metabolite SD female ZDF female ZDF male
/ SD male / SD male / SD male
Acetylglutamate -0.94 0.40 0.36
Arginine -1.32 -4.42 -1.44
Carnitine 1.77 3.59 2.90
Creatine -0.38 -1.53 -1.60
Cyclic AMP 0.56 1.97 2.39
Glutamine 3.62 6.34 4.92
Histidine -0.09 -1.08 -2.33
Leucine -1.35 -2.06 -2.47
Methyladenosine -1.11 1.78 2.39
Phenylalanine -0.76 -2.04 -3.48
Tryptophan -0.51 -3.50 -3.49
Tyrosine -0.83 -3.01 -3.94
Uric acid 0.17 1.71 0.73

providing higher specificity of detection, and thus providing an
addition confirmation of the screening results. And with the
ZenoTOF 7600 system, this can be performed on the same

system.
5
@
7 . .
8B 25 [R2=09571 .
c 2 ...
S K
ﬁ _5 T Lt
S o " R2=0.9223
ge
T oy-b 25 5
E£
g=
=
n

-5
MRMHR results (log 2 fold change)

Figure 6. Correlation of quantitative results from SWATH acquisition
and MRM"R workflow. The log2 fold change results were computed for
eight compounds across the three groups of comparisons: SD female/SD
male, ZDF female/SD male and ZDF male/ SD male. Very good
correlation was obtained between the two different quantitative
techniques.
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Conclusions

Here, the targeted MRM"R workflow on the ZenoTOF 7600
system has been explored for use in quantification of metabolites
in biological samples.

e Zeno MS/MS provided a 13-fold average increase in MS/MS
sensitivity, thus providing both high-quality, full-scan MS/MS
data for each metabolite for confident compound identification
as well as large increases in fragment ion XIC areas for higher
sensitivity quantification

e The sensitivity improvements with the Zeno trap provides the
user with more workflow options; for instance, greater sample
dilution to reduce matrix effects, or to perform small injection
volumes for the analysis of volume-limited samples

e Raw data processing in SCIEX OS software and multivariate
statistical analysis visualization using MarkerView software
delivers the complete workflow from identification to
quantification

¢ |n addition, the ability to transition from non-targeted SWATH
acquisition studies to targeted MRM"R workflow on a single
MS instrument was demonstrated.

RUO-MKT-02-13297-B
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A Underivatized Method for the Determination of 20 Common
Amino Acids by Liquid Chromatography Tandem Mass

Spectrometry
Beis, A, AR, BUE

Chen Jinmei, Si Dandan, Long Zhimin, Guo Lihai
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Key words: Amino Acids, Liquid Chromatography Tandem Mass
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HEBRIERTEREARNERRY, MANTRHEE
K, #ITEERE. ERERRETYRERM. MRARRZH
BOHEPRE-—MIER, AFNEREGRERSXEER, B
ESEEMERNEESEGENLL . RERCUN THRE
VEARFHNAREKNEARLS. EREK. 5. BHM
EFRANZUEFREAERRN. AEERLTREAERSGE
FHREZMARCNEBEE—ENEX, RMRARERELR

MFEE—LkE ., RARERENTER, RIERBEN—% A AR K (20 mMFRR$:+0.35% F )

ey, SRBKNSESMRNTTE, SEEM (W) . Bk BH: 90% 2 (20 mMF R #+1.15%FH)

(FL) . RE& (MS) FIBAFENETR, BT uv A FL *ﬁ;‘wJﬁu\ . 0.30 ml/min

A BEEBHALSE, EERNNSBERNRYE, B2

B S & BRI, SRR %m%ﬁ%mi 1 R

WARNFTR, HERLESE H%ﬁm&ﬁLﬁﬁwiﬁMﬁﬂ

RY—AEEEETRAREBMERE (RP) BH LIRS Time Flow B

£, AXBY—FREOREBIETELRNTE, ﬁﬁﬁﬁ% 2 03 o5

R RS IR T RS, , s w0

10 0.3 10

1)‘L§§ii§’ 12 0.3 10

V2 Wi 12.1 0.3 95
@ig4E: Luna Omega SUGAR (150 x 2.1mm, 3 um) 15 0.3 95
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R 40°C

WHE. 1L
BEiEx%
BR: ESUR, EBF&RR
B RS
ISELE:: 3000V SH S CUR: 20 psi

F14= GS1: 55 psi

R{E"S CAD: Medium JEEE TEM: 650 °C

]2, LEVHRIESH

B INFAS GS2: 50 psi

Name Q1 Q3 CE DP
Alanine 90.1 44.1 16 40
L_Arginine 175.1 70.0 30 40
L_Asparagine 133.1 74.0 21 30
Aspartic Acid 134.2 88.0 14 50
L_Cystine 241.1 152.1 17 50
L_Glutamine 147.1 84.1 23 30
L_Glutamic Acid 148.1 84.0 21 40
Glycine 76.2 30.1 18 30
L_Histidine 156.1 110.0 20 40
Leucine 132.1 86.0 15 40
Isoleucine 132.1 86.0 15 40
L_Lysine 147.1 84.1 23 30
L_Methionine 150.1 104.0 14 40
L_Phenylalanine 166.2 103.0 38 40
L_Proline 116.1 70.1 21 45
L_Serine 106.0 60.1 17 25
L_Threonine 120.0 74.0 14 30
L_Tryptophan 205.1 188.0 16 30
L_Tyrosine 182.1 136.3 19 40
L_Valine 118.1 72.0 17 30

RUO-MKT-02-14479-ZH-A

1. BiEE: FAERREEEEMF, 15 minZz WRNTT 207
HER, 0MEERLENBEEYS, BEEERY, ANETR
MESKI B, SEEERWEMR.

.
u = B

SHIHT

P, =

net |
noe | |

Ko |

anet | |

Fii

E1. 20 R BB NAEEIEE

Leucine Isoleucine
L_Lysine L_Glutamine

Wl iy, -

3.5 40 4.5 5.0 55 T OTE B0 A5 90 2% 00
Tusvsg, Frars Tima, min

E2. AxED FMERREFRe LR

2. BMTEEMEWNMY: ARKEEHE20 ML EMNIRAETE
BREARRENIOEMZ, NEBRREMIFERLZ. 200
wEDRREE TIREMESHF6ET, RSDFE10.0% UK, FHRIL
&30
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B.MRPHEEREENE: EAEATUEEN MRATHLE
F#HOTEENE, AROEMAMNRHERPRVBTERNEE

MR,

F3.20MLEMNLMEEEMBX R ERMEER

R4 DERSBNES

Lam £MEE HERE LLOQEHM
Alanine 0.78-25nmol 0.995 8.36
L_Arginine 0.024-6.25nmol 0.991 3.77
L_Asparagine 0.024-25nmol 0.997 4.23
Aspartic Acid 0.780-25nmol 0.998 8.43
L_Cystine 0.097-12.5nmol 0.996 7.6
L_Glutamine 0.048-3.125nmol 0.996 8.45
L_Glutamic Acid 0.097-25nmol 0.998 5.57
Glycine 3.125-25nmol 0.993 8.58
L_Histidine 0.048-6.25nmol 0.991 7.60
Leucine 0.024-25nmol 0.998 4.66
Isoleucine 0.024-25nmol 0.995 7.18
L_Lysine 0.048-25nmol 0.998 7.14
L_Methionine 0.048-25nmol 0.999 4.49
L_Phenylalanine 0.024-25nmol 0.999 4.39
L_Proline 0.048-25nmol 0.999 6.12
L_Serine 0.097-25nmol 0.997 4.99
L_Threonine 0.097-25nmol 0.999 8.27
L_Tryptophan 0.048-25nmol 0.999 2.40
L_Tyrosine 0.097-25nmol 0.999 4.45
L_Valine 0.024-25nmol 0.999 6.80

RUO-MKT-02-14479-ZH-A
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Compound Human ( nmol/ml) Mouse ( nmol/ml)
Alanine 111.438 155.302
Aspartic Acid 12.144 9.986
Glycine 25.1194 42.8821
Isoleucine 24.676 23.088
Leucine 38.446 37.602
L_Arginine 43.79 46.34
L_Asparagine 3.424 7.4
L_Cystine 0.4771 0.1669
L_Glutamic Acid 93.81 30.284
L_Glutamine 95.588 157.52
L_Histidine 23.926 21.244
L_Lysine 25.43 155.368
L_Methionine 5.164 18.396
L_Phenylalanine 17.618 23.008
L_Proline 67.046 38.014
L_Serine 45.612 58.978
L_Threonine 36.418 68.266
L_Tryptophan 12.91 30.142
L_Tyrosine 24.286 26.274
L_Valine 50.248 46.626
sS4

AXETHRBEERRRIEEESTETNNE20MELR
R, HEFWMRMGKRENRERITESE, TUREFTRE—

HHTTTEFRIL,
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BESEBRAEYRLC-MS/MSEE DT

Yeqing Peng', Huiru. Tang', Ting.Liu?, Zheng.Jiang’

1. Human Phenome Institute, Metabonomics and Systems Biology Laboratory at Shanghai International Centre for

Molecular Phenomics, Fudan University, Shanghai, China

2. SCIEX, Shanghai, China.

Keywords: Tryptophan metabolites, LC-MS/MS.
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BRB (Tryptophan, Trp) BB RERZ—, BRRET
MEZFBE ( Serotonin pathway ) . RIREFREE ( Kynurenine
pathway ) FIG[BEIEEE ( Indole pathway ) T =£— it BB Zfh4
EINREMNRIRY, EEDENENGENAEEEEEA (B1) .
2, cARMERNNOTRER, TESHARAYMREH
N, FERDUAR, CERETEHEEAEGHN, REBHEER
BB A REBE S EHENL, MTEMARE ( kynurenine,
Kyn), 3-F2EKJIRE ( 3-hydroxykynurenine, 3-HK ) F1% RER
( xanthurenic acid, XA ) o A7 HFIRBUARMED T ERRAE
RiFMOEMEL, ANELTEEREREIHRIEYNEES
BCBiE (LC-MS/MS ) E2MNETT %, ZAAth TN ATEMEY
FHEDENERRAMERHDINE,

Indole
pathway - CA
Tryptophol ﬁ—‘ 3-HAA
FOpe Kynurenine
pathway
Indole
IAM
1AA
l Serotonin
pathway
IAld

B Mosquito tryptophan metabolites
Microbial tryptophan metabolites

Bl eSREHTEREGEE
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FNLRFERR

L REES, BESHEROKNBR;

2 FHREERS, BAEET eERANEIBREY;
3. FRERMRERNRE, FATELER;

&
KRR

s 15 R MR (~30mg ) ER1IEMHEAR, BHEAR
RIEAR, FH400 LIS H980% FEZ-WEEBK ( ddH,0 ) A& (A
10PLAAR, WIREAEEBEFENRE L) J%MAR, 14000g, 4°C
Bib10minfg, RELE, BER400 pLIUA FE- D ERIBKS Rt
T2RFRL, REFE LE®, 14000g, 4 CE/L10 mine RAJE,
B1mLEBEREZEFER, ARTESEH, LCMS/MSHHTET,
{# F3200 PL 80% methanol- W& 1BK A R EAFEAR,

BHEAE
©i%4E: Agilent ZORBAX RRHD Eclipse Plus C18
(2.1mm x50mm, 1.8 ym);

TRENAE: AMH: 7K (0.1% FER ) BHE: Z85 (0.1% FER)
#HE: 35°C
BEHEREE. 4°C
g%
FUEHR%: QTRAP® 5500=E AT M BETHESE R R

ZrFIQTRAP® 6500+ = B URFTL4 M B FIHE SR RIS R 519 #
T

1) QTRAP® 550012 %
BFIE: ESUR, E. ABFERR
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T RAAHE F2. BEE. 1I5HREDTIFEANZTAIFHOMRMB FHELR; 410 W1R
SR%. D3-REBEEE (5-hydroxytryptophan-4,6,7-d3 ) , D2-53EBIRZ
Time Flow Rate APhase B Phase  ( 5-hydroxyindole-3-acetic-2,2-d2 acid ) , D2-F5|BR Z B ( indole-3-acetic-
( min ) ( mL/min) (%) (%) 2,2-d2 acid ) , D3-B&EE ( tryptophan-2,3,3-d3) o
0 0.3 98 2 -
Q1(Pa) Q3(Da) R.T.(min) ID DP CE
2.95 0.3 38 2 1771 1601 181 Serotonin 57 31
3 0.5 98 2 221.1  204.1 1.79 5-hydroxytryptophan 63 16
6 0.5 20 80 241 2071 180 S"hydrzxét;{’g?pha”‘ 63 16
8 0.5 20 80 RS
161.1 144.1 4.12 Tryptamine 54 34
8.05 0.3 98 2 _ ; -3- ice
1941 1482 411 5 hydroxylndole.B acetic 130 36
10 0.3 98 2 2,2-d2 acid
192.1 146.1 4.12 5-Hydroxyindole aceticacid 130 36
175.0  130.0 4.41 Indole-3-acetamide 85 27
BFESE. 3011 2831 5.71 Cinnabarinic acid 100 24
209.1 192.0 2.10 kynurenine 57 26
ISERJE: +5500 V/ -4500 V; SRS CUR: 35 psi; 1180 910 4.95 indole 107 30
F 1= GS1:55 psi; BN IS GS2: 55psi; 1622 1441 231 . Tryptophol . 8735
176.2 130.2 5.33 indole acetic acid 130 25
2 <URUR K TEM: 500 C; AHEEEP: 10 V/-10V; 1781 1322 533  Indole-3-acetic-2,2-d2acid 130 25
RS OB R CXP . 10V/-10Vo 205.1 188.1 3.98 tryptophan 65 30
208.1 191.1 3.98 trytophan-2,3,3-d3 65 30
225.1  208.0 1.00 3-Hydroxy-kynurenine 65 26
2 ) QTRAP® 6500+/ZE 1% 4% 206.0  160.0 3.99 xanthurenic acid 100 40
R R . 152.0  108.0 2.42 3-Hydroxyanthranilicacid -100 -20
BYR: ESUR, E. REFHER 1440 1150 495 Indole-3-carboxaldehyde  -160 -38
HTREH .
REEFLIEER
ISERJ&: +5500 V/ -4500 V; 7S CUR: 35 psi; — . = NN
/ P BEBEEREY, LoD (BIEEE T4 ) 5003320 fmol,
FS GS1:55 psi; IS GS2: 60psi; SHSERATINIBE, LMHEXRBRIIAT0.9900,
i <UFURE TEM: 400 °C; NP EP: 10 V/-10V; 3. CERRAMNBLOD, LMSERTIR .
2z O - ) _ R .
REFEM H OB E CXP: 10V/-10V Num. Component Name LOD  Linearrange R?
(fmol) (uM)
*Eﬁg:ln:% 1 3-Hydroxy-L-kynurenine 0.29  0.0015-1.9213 0.9997
2 5-hydroxytryptophan 0.21  0.0004-0.4797 0.9997
ey EILE 3 Serotonin 048  0.0009-1.0858 0.9987
BEREEAEY, EREER R, 4 kynurenine 0.51  0.0032-4.0428 0.9998
5 3-Hydroxyanthranilicacid  3.20  0.0066 - 8.2303 0.9987
6 tryptophan 0.13 0.0025-3.1341 0.9993
8.0e6
7:5e0 { 7  xanthurenic acid 0.14  0.0002-0.2398 0.9993
coce 8 Tryptamine 0.10  0.0003-0.4148 0.9999
5.5e6
; 3006 4 B 9 5-Hydroxyindole aceticacid  1.50  0.0021-2.5735 0.9998
Bul ) 1, 10 Indole-3-acetamide 0.03  0.0002-0.2824 0.9994
2506 ,‘| ; | i 11 indole 10.64 0.0171-21.4189 0.9988
Se \ 8 14 15
o) || /\ | ,\ J\ 12 Indole-3-carboxaldehyde ~ 0.09  0.0005-0.6406 0.9987
0'000810\1d2141618\2022242628303234363840424446485052545658 13 Tryptophol 0.70  0.0029-3.5893 0.9995
Time, min
14 indole-3-acetic acid 2.01  0.0049-6.1786 0.9999
*ERHESER 15 Cinnabarinic acid 0.37  0.0014-1.8027 0.9997
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743 B4

WERENARENREAZERRF, RAL, L4, LTk AT RIS R RN E © AL 15T
REERER. B ESREKT, BRENSIREAMG s 5o gE s, &EENLSHLAMHLLOQES
AMER, HEZNERRN=RNER H: 0.003 uM, LHBEBE=AKES, BRHEGELMY
CVoo<ls %, HATEFER, HEMREH QMR T 25,

Intra_day Inter_day
Analytes (n=5, CV%) (n=5, CV%)
¢, ¢ ¢ ¢ ¢ ¢ Iﬁk
3-Hydroxyanthranilic acid 1.7 08 47 14 12 23 1. Yuebiao Feng, Yeqing Peng, Xiumei Song, Han Wen, Yanpeng
3-Hydroxy-L-kynurenine 07 06 13 15 14 35 An, Huiru Tangand Jingwen Wang. Anopheline mosquitoes are
5-Hydroxyindole aceticacid 1.0 15 32 11 09 5.1 protected against parasite infection by tryptophan catabolism

in gut microbiota, Nature Microbiology, https://doi.org/10.1038/

5-hydroxytryptophan 09 12 32 13 12 53
$41564-022-01099-8.
Cinnabarinic acid 04 05 96 09 19 98
indole 09 10 141 0.6 1.0 10.2
indole acetic acid 1.2 16 67 13 22 6.1
Indole-3-acetamide 09 04 36 08 12 53

Indole-3-carboxaldehyde 0.1 08 49 12 09 58

kynurenine 07 09 33 08 12 47
Serotonin 09 17 19 15 20 63
Tryptamine 08 08 84 18 17 55
tryptophan 1.0 07 28 18 17 33
Tryptophol 15 17 77 15 19 81
xanthurenic acid 09 13 95 11 16 42

O FRMEREIER, "M ETPREIER, "C RTER
B R
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LC-MS/MS;& N ZE /i F R B AL (& Ih B =R

Determination of two histidine methylation by LC-MS/MS

BRI, WRE, BEH, MBIk
Haihong Zha, Chenchun Zhong, Zhimin Long, Lihai Guo

SCIEXK A5 FF 0y, #E

Keywords: histidine methylation; SCIEX Triple Quad™ System; W g

Exion LC™ AD Z %t + SCIEX Triple Quad™ FR 4t

ElE

FEAREFENRELNBEREZ—, 255498
TEEMNEYFEE, AERFEAUREEREIFHANIZENIA
B, AHRARFENEIHNLN, IMUEFRERATER
HRNARRPEEBEMAEN, AERFEAUERAS SR
BTTHEREEER, RREABRASES TIRETE, it
NFREVNENHRAERERRX",

AN T — TR IINIFING A B B LS A SR YRR
SNFE, FENEETRITEKE2-05nM, UEHREES, &
Witr, TURFHHEEARTEIHARRAONEER,

B E
ATRAEEE. ® 4. Luna Omega Polar C18 150 x 2.1mm, 5 ym

SAopan . A o B £ fe
L fEFZE AT R ( SCIEX Triple Quad™ K4 ) MR 2R T MM A K (0.001% Rl L mM FREER)

WARE, EARTNEERE, BRMRECARKRDES BiH: Z %
MRGFHE, NEL HRHERL 1L
2. AFAEREEMRZE02-05nM, ERMMHY, REFMNHEEEART FR. 40°C;
AR,
RENEHEE .
xxxxx o ) o Time (min) Flow (ml/min) A (%) B (%)
0.00 0.3 99 1
?E 2.00 0.3 99 1
i 3.00 0.5 10 90
- 450 0.5 10 90
oy 5.00 0.5 99 1
- 6.00 0.5 99 1
L. P S R S 8 B 6.10 03 % !
7.00 0.3 99 1
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EiZ &
BFR: ESUR, EEFER
BTRSE:
B IS [E 1S: 5500 V S S CUR: 35 psi
£1kS GS1: 50 psi BN IN#S GS2: 50 psi

WIES CAD: 8 JBREE TEM: 500°C

R WARECARRN LS

LaMEHR QlMass Q3Mass DP CE

1REASER(IMH)  170.1 9% 40 27

3R EHFER (3MH) 170 124 40 19
EAHRITIE:

SDS-PAGEER T BEHR, FLHE e BENE&wER, #17
Bl fRig g, REBUBMCEMNAE; FA6eM 2R 100°CR AR
REERE, 1.5 mUARAWRTIE, 150 pLKES, 10000 rpm B
5min, B_EEFHFES T

TRER

1. RYEFELH:

AAEECASRENRKEE TR A0.2-0.5 nM, HEGEE
WE2; AFHRELHRRRESHAFNERSD/N T 5%,

R AMFRUATRNER TR, LIEERENM
LLOQ (EETR) KMEE  EIME(RSD)
1MH 0.2nM 0.2-500 nM 4.94%
3MH 0.5nM 0.5-500 nM 3.18%

2. ZMEER:

MAAEMASRALMSERNEAMXRZRYE, HEXREEK
F0.995 ( WE3) , #RERE SEHEFE90%-110% 2 (6],

RUO-MKT-02-29083-ZH-A
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E4. CPRE AR P REAAIRENER

IE\ gi!]:

AS{EFSCIEX Triple Quad™ RGN T EHRF R EEIHA
R[RKILC-MS/MSTTE, ERERP, AAEAREES. EWMHLT,
FAOFHMAEEIUETNE, EBHEEARTRECITHEHER
BRI K,

SEH

[1] LvM,Cao D, ZhangL ,et al. METTL9 regulates N1-histidine
methylation of zinc transporters to promote tumor growth[J].Cold
Spring Harbor Laboratory, 2021.D01:10.1101/2021.04.20.440582.

[2] CaoR,ZhangX, Liu X et al.Molecular basis for histidine N1
position-specific methylation by CARNMT1[J].Cell Research, 2018,
28(4).D0I:10.1038/s41422-018-0003-0.
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The Determination of Acetyl-CoA and Lactoyl-CoA in Yeast Cells
Using LC-MS/MS

SBESE, A, BB
Xiaoyuan Shi, Zhimin Long, Lihai Guo

SCIEX K HZ FFHs, HE

Key Words: Acetyl-CoA; Lactoyl-CoA; Cells e TR
SCIEX ExionLC™ ADZR S5 FISCIEX Triple Quad™&R 4t
B5lE
555 A  Coenzyme A, %7 Coh ) BB Mt htmmran  MAARME

DA P —MHEBE T, EXERERARATFSRHTOBLET
EARER W ERAMBRERLNEGE, MRRAHEEEANTEERER

HRAE S : SCIEX ExionLC™ ADER 5t

MBET (SH) EBIESHENS T, EHRMAEARYR ©H#AL: BEHShield RP18 (100x2.1mm, 1.7pm ]
h, SEMEMAS, MTRARERIELRENLY, 128 R A K (S10mMPEE, 0.05%EK ) ; B: Z I

HES A, FLEGHEES A, N ZBUHEES AT E - 3-FE X ZE: (HMG )

. ; - SRER: 0.3mL/min
G A . HBE A REMEBLTEY 285 RREERRE, BEiTE

BIEIR, BEMBEYAREEL, SERAY, SR GRS Him: 40°C
BOEMERE. BRILZS, XESTEMETNEARBRETEN SARRBEE .
HIEY), LSRR Z B, WINEML, WEML, TEHML, x4 —
EERNHZIHE, MRS —FESN, AXEITLCMS/ 4 & (min) Al%) B(%)
MSTE B R AR o 7 B BARI LB B BBARY 773, REBES, & 0 98 2
ML, 1.0 98 2
6.0 5 95
7.5 5 95
7.6 98 2
10.0 98 2
Rt &4
BFR: ESI, EBFELR
BHiEAR: MRMZ RSN
SHSCUR: 40psi MEEEIS: 5500V

1. ExionLC™ ADZR S FASCIEX Triple Quad™&R 4t
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TR Tem: 500°C F1kSGasl: 45psi

LB GAS2: 45psi Ri#ES CAD: 10

MRMZEL. fn3R1

F1. B HEBATIZL B HREAR BUE S 4L

HEWMEFR (Name) Q1 Q3 DP CE
ZEEHEEEA 1 (Acetyl-CoA 1) 810.2 3032 85 40
ZEEHEEEA 2 (Acetyl-CoA2) 810.2 4280 85 34

FUELHESA L (Lactoyl-CoA1) 8403 3333 85 42
FLELSEESA 2 ( Lactoyl-CoA2) 840.3 2282 85 26

AT T i
L RETE: RRE (L1) BRIEDERE;

2. AA200 L ERIRBUREIMES, T IRIE20s ( 7E-80°C7KFE O 4k
BE, EREWE-80CKFED ) ;

3. MAZSEHR500 L, F5IRAE30s, JWHEMK ( ZE-80°CKFE K
GMR1E, HEREHME-80°CKED ) ;

4. ANA200 pL H,0, RHE30s, B ERHFEMEAEL4CKERE
(BRE, EEAKE) ;

B BB 150 pLE R

10min,

B> (4°C, 10min, 15000r/min ) ,
s

o

WEAR

1. HEMH

KAh=EBR, 7ARR—EENZBHEBEEAMIL B S
A, IINKBBHE, FRBEREAS ng/mLTRETEAR. ¥
TAEBRRMITIERRD #EMs L, BB FRRLE2. =83
BEFNRBEELT TN 2P RIERERYY, BUEYMRE
Es.

H
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2. ZHEER

AKBRHRE LB HEBAMIL B AR E TEB KR ZE0.1 ng/
mL, 0.5 ng/mL, 1 ng/mL, 5 ng/mL, 10ng/mL, 50ng/mL, 100 ng/mLIX
IR IR E MR A% B3 AZ Bt EsAM AL Bt ES AR 4 1458
Bl. &M AREMEXRE,
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E2. = AR RSO RIR R P B RSATI AL B A B AR R BUE TR

lnu--l-a iy ¢ mm-n -uu-nlln w-w.-’ L by 1/
A s LTk b 2 M ) AFIGEE 4 BT [l 1

E3. ZBt RS ATIEL Bt R AT R th 2, LM A5 $0>0.999

3. LLOQHY T ZF FIE B 1
T35 & 6170 1ng/mUR ERIFRAEB R LLOQE K, HFFS
o MELERWFK2, 2 ML EWELLOQIRE TR AR EFE107.7-
111.1%, HEHE R, RSD%H3.65-4.61%, B MR, BILE
E4. Es,
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2. BRI LE

wRIEEER HETE HM R RE
LLOQ, ng/mL Accuracy,% RSD, %
Z BLHEBRA 0.1 107.7 3.65
FLEHERA 0.1 111.1 4.61
= i - { =| I
= fl = | - {
1z P = i P 2 ,
| | - : I [
é I|I-. :._: III-.. -‘-E
p 3| . I s i [ " '
s| | - - Il
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5. AL BHESATELLOQRE TEIN M &R R

B4

ZR3CAE FASCIEX Triple Quad™ 37 7 LC-MS/MS J3 35 B U E 48
R Z BHEEBAT LB HEEAN S 8, BRRM, ZAENEEH
i, TFH; 4MSEEH0.1ng/mL-100 ng/mL, TELMSEERZ M
KERIF, HAFRHKT0.999, 2fHREE TR A0.1ng/mL, 7
EETRIESHIE6ET, RSD<5%, RPANBREES, ZIWMHELT,
ZITEAEBATE RN ERE T 2%,
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Method Establishment of Medium and Long Chain Acyl-coenzyme A in
Biological Samples

BB, REH, BT

Zha Haihong, Long Zhimin, Guo Lihai

SCIEX China

Keywords: Medium and Long Chain Acyl-coenzyme A,
Biological Samples

ey 5

]

il

HB8A ( coenzyme A) 2—ThiflE, AIZR. FHMIET=BE
BREFFARMMAD To HEBARARNTOS TSR N IBEAHEEIR T,
BIERENS R, BIBNEL, SERNS®, NRROKEE,
MEZRIRIEN, RENEETAHIO%BNER, FHib2EHE.
ERFEARRMNEEZRT. B, @HIBALSSIGRKELED
RIS E R, TERNERE B AN R EE A AR R Z BRI I & (2 i
ERNBRAES, WEANAGETEREMYLA Z B3] FT,
WEZBRO WA S KNz B EBIER. SNRFRM. 22, 23%
FTHEMEN. B, HIBALREEENHEMBREZRE X,
BT FE A AN, TTAEEE T BN RISEE,

A E BT R TR QSR TR S R M LS REAL SCIEX ExionLC™ & %t
FiiE, TRAeMMMmAA IR KR R BEGA, A5 R ASCIEX
QTRAPSERASA 1) “S-Bt" BMTNEE, RIHITLEMRER R

SREE: 0.3mL/min

FPKEBEEESA, PEME VAR PIE AR P KR EHESAR #iR: 30°C
REITE HEE. 10l
e E L RAREBE
SCIEX ExionLC™Z &k + QTRAP®JFR It 2 ¢ Bt I (min) A (%) B (%)
0.0 90 10
mHA 03 90 10
1.0 55 45
BEFE: C18(50 x 2.1 mm)
45 2 98
mEtE: AME: K (10 mM FRERER, 0.005% &K ) 5.0 ) 98
BHH: 2k 51 9 10
6.0 90 10
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Ri&H &
BTR: ESUR, EBFRR
BRSH:
ISEE & 5500 V SAH S CUR: 35 psi
14 GS2: 50 psi

WES CAD: Medium TR

F1S GS1:50 psi

)@AT AT

EM: 550 °C

B

R R AG, BRERE. RPEK (1:1:1) fEARR
W TEK BRRVE, ADA200 pLUIRBUREIRES, F/RIE20s, TER
RPERE LR, BF (70W,10 s/4%, EXER0s) ; EKE
B, IAZSE B E500 pL, F/HIRAE30s, JRBEFK; MIA130pL
H,0, JRIE30 s; ¥ LRFERMELES CKHE, B#E10 min (B
2, EEAKHME) ; B (4°C, 10 min, 15,000¢g) , B EFE
150 PLE|BERER IS

REHLEL

AXHRERERFIERNERLT, UM EYHEAFTHF
KHEBEHBIBANBRN, B IASH B2 M EYIER PRI
PREBERHEA, REREHRECEVNEBAEREMRME
FXBTRMPKEEBEMBIBA, RETFASCIEX QTRAPORILIAE
BIMRM-IDA-EPIE A3 AR, 7 MRM HIEMER, WEigiEitsT
MS/MS K&, HEZEM_EFLEBIBIETHEMHIE.

R E VIR B HEBAK L AW RMBNE, B
E T STEEMIANMRMB FXIER, A ATH4Hk. 65k, 8
BR. 108k, 128k, 148k, 16FRIARISHRAEKEMBLERESA, Blca_
COA. C6_COA. C8_COA. C10_COA. C12_COA. C14_COA. C16_
COAFIC18_COA, TEHRIFILRESEI F2FIE L

BANFE AR @ XTI R MAEEAR 1T 7 W SHIE, E2
RR T XML REHIBAN N AIMRME F X 2 1KiE, RIEHERHE
AR, s, R, RENED®EES, MLENTE
PMELEHEBAN HIENE
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ma -
tataman
[El1. MRM-IDA-EPIZ %
2. sHEL B EA RIS %
e Q1/Q3 EFEHRE (v) ®ifEE=E (v)
C4_COA 838.2/331.2 130 40
C6_COA 866.2/359.2 130 40
C8_COA 894.2/387.2 130 40
C10_COA 922.2/415.2 130 44
C12_COA 950.2/443.2 130 44
C14_COA 978.2/471.2 130 44
Cl16_COA 1006.2/499.2 130 44
C18_COA 1034.2/527.2 130 44

#&, BAFIFASCIEX QTRAPeFRiEIRE AIMRM-IDA-EPIE &1
WAR, & MRM BIEMNBER, o X E@IgEHT MS/MS RE,
Mk BB _RRIEETBENHTHEYRIL. T2, &
ﬂ]?ﬂz FENBEBEBAEN L IEA SN RIERETH SR

IE, FHNZREELE3, BABNMARENBEHBAN R
FEEF, ZIMARm/z 42895 EIEFI A MER Z28Da BICH2-
CH2B9FE FrIE, m/z 331.3(C4-CoA)\m/z 359.3(C6-CoA)\m/z 387.3(C8-
CoA)\m/z 415.3(C10-CoA)\m/z 443.4(C12-CoA)\m/z 471.4(C14-CoA)\m/
7 499.4(C16-CoA)\m/z 527.5(C18-CoA) , FrrINF(1iE@iT — R EE XX
STHRLEFHEAB I — S NWIL,

fRITRIEE, RN EMRE — SCEXRISAFEN A E 113
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R St T TR e bl e P e
=}~ C4-CoA E P cocon - C8-CoA = 1 GO cio-con
. = | = ¥
fl - i {l = !
= / | .| |'| "".; .._ i i)
T e L @ -:I-T‘-:.-u-m.:-..--. = @ ':'-:"' g | locon L C18.Con
Wy, . | ci-coa = Cl4-CoA | |
ey | - _ i @ o @
b 2 e | fl i jii i i | T
2. sSHELEAHERAZE A AR P ) 15 E
C4-CoA C6-CoA IE\ gﬁ
il d AXFERBRERNERT, RBSCIEX QTRAPCRIZYFH (Y
“LR-BF BMRINGE, HAYHERTPES FRKEBEBIBANTT A,
coeen e BRI XA R R AN R EMRMB TS, #E Sk
ma B B R RS ARV R B AT B R Rt R SRR B E
— —r— BEA, MM EEHE B P KSR ERBBAR FILN 775k
&2 ik
C16-CoA C18-CoA
[1]. Wang S,Wang Z, Zhou L, et al. Comprehensive Analysis of

[E3. sPhE B4 EA RIEPI Z R E
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Short-, Medium-, and Long-Chain Acyl-Coenzyme A by Online
Two-Dimensional Liquid Chromatography/Mass Spectrometry[J].
Analytical Chemistry, 2017:12902.
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SCIEX Triple Quad™ Z % #8[a) il € 25 B g & A A4 157 = E il B
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Determination of 8 Metabolites on main Pathways of Dopamine
Biosynthesis and Metabolism by SCIEX Triple Quad™ System

Lei Min, Long Zhimin, Guo Lihai

SCIEX, HEH

Key Words: Dopamine Biosynthesis and Metabolism Pathway ,

Target Metabolomics, Dopamine and other metabolites, Biomarker

ElET

ZER (IATHMRDA) BARFREEENHERFEENILE
ik, HRHEMMZERNRE, 2012260FH, Hormnykiewicz™”
MRINAZERNEBEMSRERBEVIEX, RibBIEER

WAFHNARERE, REZERARFER ERIEVNTLSHE
HRERZBPXRENAREQHERBEL , ZREATREERETIZ
RPHBEE E T BN RN TTE, AMREFRZNIATT
ERMSE

WREZ ERERMACHBRNTESROT,

CH,0_ /-:\,_:._]1_..-’&,_\_"___..-0"' ADH CHJGTH&Q'-’#&“"” 0. _l__,-'_-c:h‘ e
22 1J
o Jx = o o o HO~ = NH
HVA MOPAL MTY
CGMT[
- HO. -~ _-COOH
lﬂv‘“w YT [ AADC “]’ﬂ““ DpH_ l/j
HO = NH, A NH, - HO - -
L-Tyr L-DOPA DA
MAD l
HO H HO
FO com :/\j/“]/"“ ADH /@/\( ALDH N
— OH
l_’:._,..-f’_““-\.\_\_p,--"" HO 0 HO
HVA DOPAL DOPET

El. SERSRFNAHHOESTER, LTyr ETHAAADCTEA T2 AKADA; DAHCKTEMAO, ADHFICOMTIEAT, 43 5I% %M DOPAL, DOPAC, ®wZZEIHVA,
4K, DA ANERIRTIA, BiID P HEE L AINE. RIB—/NEES £, DOPAL BITALDHTJBEE ADOPET, DAMRKTECOMTHIADHAIMER T, %ZEMTYFIMOPAL

B HHVAR R R RSB RS th B R EE o

RUO-MKT-02-13256-ZH-A
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FUXRFERR HHET %
AR T ERSCIEX Triple Quad™ REUM £ I HAAH BIRAL: HSST3(100>2.1 mm, 1.8 m)
BE 05 ERRERSMIMLAMEITNE, ERENT AR AE: K (50,195 )

BH: 28 (&0.1%F )
1L MFRNRGES, sMAYTTEAEE TRAE0.2-2ng/mlZ (8,
HEEYHATLERREREYEEER,

RER: 0.4ml/min

8. 40C;
2. UBAAENSFME, TIERAYVIEEREN, N6.5minf97
FRITETRER, WNRES. HHEE: spL
3. ML EYRIRER TARAIRSDAEL.97%-5.18% = (8], KA ES Time(min) A (%) B (%)
%Dﬁffglﬂifm'ﬁﬁ¥o 000 98 2
4, ZFEN ZERAEHRE L EMRNIKBERINSERX, 1.20 98 2
A TEFNRRIASFEFRBHERBNEDIREY, 2.50 40 60
4.50 5 95
R & 5.00 5 95
SCIEX Exion LCZ 4k + Triple Quad™& %t 5.01 98 2
6.50 98 2
B s
BFR: ESHE, ERBFUIRERN-Scheduled MRM™RT
B RS
ISEE: EEF: 5500V; MEF: -4500V
S S CUR: 30 psi F{L= GS1: 60 psi
BN GS2: 60 psi JECRE TEM: 600°C

##ES CAD: Medium

xR1. Rt
LEaMmaEH Wi Q1 Q3 RE®BE(min) XFEBRE (DP,eV) HIHERER(CE, ev) HilEthH OEE(CXP, eV)
HVA 180.9 122.1 3.15 -50 -19 -11
DOPAL 150.9 123 3.02 -80 -20 -11
nEF
DOPET 152.9 123 2.97 -60 -17 -8
DOPAC 123.2 93.1 2.99 -80 -18 -10
NE 152 107 0.78 50 25 7
L-DOPA 198.1 152.1 1.58 45 18 7
EBF
3-MT 168.1 119.2 2.84 45 24 7
DA 154.1 137.1 1.69 45 12 7

RUO-MKT-02-13256-ZH-A
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Sceam 2. RUTBE: BSARERDINERFRNREDE TERRR
E551290.2 ng/ml, 1 ng/ml, 2 ng/ml, 10 ng/ml, 20 ng/ml, 100 ng/ml,

1 R EHZORBIMOICER, FARRRR: DIRR 00 g imi, 500 ng/ml, MERRMRERITAR L. a3

CERMLERIRCTIAR, MATRESAERER, T o rmmmatREX RS, TORXREE 92
ﬁ‘ﬁ?‘iﬂﬁjno ng/mlE’]*T/EI‘f/E/ﬁ/&o JHXLLW%/GI& J: %‘%HH$H;€%\§QE§¥ g&"ﬁﬁﬁ}o

s pl, ERBFRENT, SEERT, ERENYRERE
ATTIL, WE2. 20 ng/mIBVtRAETIER R, WE3, s
ViR, BEREVHNS, RBUFHREES.

. G 12X F=-D0h... BE -DOPAL 1 {Urkrown) 150 0 1230 - DY BK - D 152811 { EBK - DOPAC 1 kmnawm) 1 1937 - DNl
PR Ol e A TRR e P e ARt O A S i oA e
! =
: 2000 g 2000 1 g 2000 \ EE‘ 2000
1000 g own- £ om0 A £
i e -, '
0] L ————— — — == et~ ]
25 iﬂ 25 30 a5 25 a0 35 25 30 35
imé, min Time, min Tima, min Tiemea, min
BK-NEIHHKMF}HZCI."IEFJ - D4 D, BK L-DG'P.HEIUHK:}MH 931.'152‘1 o B - 3-MT L[l.lr‘l;m ]'IEB'I'HS? DoeD.. EK-DA 1 {Unknowen) 15410 137.1 - DO D,
Adea. A Heidd WA RT. HA& mn Aisa 1.077e2. Haahl 8. el AT. 1.03 inn Arsa. NA Heahl NART. WA mn Area. WA Haiall. A& RT. WA min
| = .
E- 2000 f E‘ 000 1 g 000 E 2000
£ 1w \ £ 1000- . £ o £ m
. ]'-,_w A Y B e P et , o = , P P i e ]
04 08_ 08 1.0 12 12 14 18 15 20 24 26 _28 30 32 14 1 18 20
Time, min Time, min Tima, min Tiemea, man
E2. #aBEEPHREEFEE
(MZERAH, E—175 3/5HVA, DOPAL, DOPET, DOPAC; 55 174> ANE, L-DOPA, 3-MT, DA)
m#mmymwm =048 « DWCHRAL 1 (Urecrawm) 150090 1230 .D m-wm-umpsu-mn.nm 2&? DIOPAC 1 [Unkrawn) 12320931 . D00
HMought: 7 E58al BT-3 17 s 1.107e5. Hosaht: 1. 72004 RT: 3 05 mis 341265, Heeatil 0 71204, RT- 2.00 min Asad: 5 TEE3. Hoeht 11026k RT: 30T mn
1500 15400 Iﬁl:.,m G 1000 im
1000 10000 | §
] f P -
S 4 SO0 J |II " |L L™
g o te0 ol ot
25 1] a5 5 30 35 25 a0 as 5 EL] a5
me, Time, i Tirves, min Tirre, (rin
| i) - =1 FAS3 T -0 Lirbancnw| Dﬂ-‘l -0 kncan) 1581 2137 1-D0a 0
m NEQ& Faight "2 :“53?@51 ﬂ 3 m ?}éusgns rﬁlém 1 u15a5 AT 161 ng im £ 322::5"-!«:@'" 1}1]_115.%1 rH'q I m 3 iuql‘}.""Hmrm’:] 1251;6.1_?111 i ?3'::1‘:1
2085 105 & P 5
1rae ] H e | 1000 Y 15n
g 125 = - £ = \
§ 105 || pooSted ||\ E Siet | g e
£ = 1
= God I| 4 W [ o J = 2
0 Ol \' 3 Ol L 0 S s = Dedl IIL_
04 06 oA 10 13 12 14 18 15 20 24 16 _28 30 3z 14 18 18 20
Time min Time, min Time, min Time, men

[E3. 20 ng/mUBHHIEINE FiRE
(MEZA, E—1753IHHVA, DOPAL, DOPET, DOPAC; 8 174> HAINE, L-DOPA, 3-MT, DA)
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O Calis i bos HVAS 5 < 3TR 11344+ 44
Eaibemin b DOPAL | 'y = SASS 83304 5 + 422
vt b Yo DEPET 3 5 98218 1Y

&
.
.

El4. s/ MIRIAREE i 2%

3. LLOQRYETEMEMY: FHH&3maemEa TIEAR
EALLOQA MK, MHEN, WELRM TRIE2, 313F1T
T, sMLEYERRMLLOQIRE T A HEH E E97.32%-
107.26%, HEHERTF; RSD%TE1.97%-5.18%, RSDIJ#HEMiK
=5k, EMMRET,

F2. EMHMIKER
wAME RIEEER ETRE WM RERE
(LLOQ, ng/ml) (Accuracy, %) (RSD,%)

HVA 2 98.33 4.58
DOPAL 1 107.26 3.57
DOPET 0.2 100.19 4.24
DOPAC 2 101.83 5.18
NE 0.2 99.66 2.18
L-DOPA 0.2 97.32 3.83
3-MT 0.2 98.57 4.10

DA 0.2 98.95 1.97

RUO-MKT-02-13256-ZH-A
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R 3CA#E FISCIEX Triple Quad™ E37 7 LC-MS/MSTT %R E % B AR
B FNZEREERSEYNEE, ZABRFTPLTTH, FTEN
BRMT; eI RIEER TRT0.2-2ng/ml, KB
REEE . HVATIDOPACKIZL M SEEITS H2ng/ml-500ng/ml, DOPAL
HI% 14 SEE 4 1ng/ml-500ng/ml, DOPET, NE, L-DOPA, 3-MTHIDARY
L MSEETEYH0.2ng/ml-500ng/ml, &HXRRRE; s MISHIH
HIEERE TRRELLMHF3ET, RSDFELI7%-5.18%, FIAMHMITE
MEIMMLF . ZHEAARBEREEXERF NS EREER
BRI TERET 5%,

SEE

[1] H.Ehringer,0.Hornykiewicz, Klin. Wochenschr. 1960, 38, 1236-1239.
[2] O.Hornykiewicz, Mov.Disord. 2002, 17,501-508.

[3] Angew.Chem.Int. Ed. 2019, 58,6512-6527.
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Determination of Three Free Polyamines in Biological Samples

by Using Dansyl Chloride Derivatization

SHERE, HEE, AE
Shi Xiaoyuan, Long Zhimin, Guo Lihai

SCIEXR A% #dul ( £i) , HE
SCIEX, China

Key Words: Polyamines, Derivatization, Liquid Chromatography

Tandem, Mass Spectrometry

Z & (Polyamines, PA) 2T BB AN U LT EMAE
ikt &, EEMERNT ZHE. BELNSEERER
( Putrescine ) . TE#5R% ( Spermidine ) F1#58% ( Spermine ) %o
SR ZHEETEY. 3. FHFEYUREETR, EAEYK
NEAMEEKNEEY Rz —, WHEELEK. AEGHERZEX
BUENER, REESSEVENNSTEIRES, 2EYGEE
KRR AR ARELEWEED R

RIEST T AR ESZRNERT X, 5%
ZFEHSR (DNS-Cl) $T14fF, ZROTEVATEBLI R N
SR, MAMRSTHNEE, AFEAEFEENS, #RHE
L, BERESNERS, EXEDHRTIMBEBESEE(ERE.
THERERERR) # T RTNEED .

b

1. FZEL 100 pL M3, AIA300 pLZFE, RIERES1 min, #BF10s
J&, B/1>5min (4 °C, 15000 r/min)o

2. M EER, BT MAS0 L FHEESA K (5 mg/mL, 2
JE7A#R ) 100 pL 0.1 M Na,CO,Z8M& (pH 11) &Ei&, JRHE30 s
J&, BEY AT 50 °C)7K A I 20 mino

RUO-MKT-02-13583-ZH-A

3. REFEMEMAIULRER, BpHERETAA, B/05 min@4C,
15000 r/min), BR_E3&ERFIITLC-MS/MSIUZE

ARG

@iEHE: ACQUITY UPLC BEH C18,1.7 pm,2.1 X 50 mm

RENHE: ATH:K (0.19% R, 5 mMEERER )
Bi: ZiE: HAEE ( viv, 2:1)

JRIE: 0.4 mL/min

iR 45C

R 10pL

BEMER, HREFMRL

R REBESM

Bf/E ( min) A% B%
0 50 50
0.2 50 50
2.6 20 80
3 5 95
3.5 5 95
3.6 50 50
5 50 50
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BRig &G

SCIEX Triple Quad™ 4500

ESIIEARTAEM
ISER [ 5500V
F{kRGS1: 60 psi

RIESCAD: 9

=1

M

CUR: 30 psi

B IN#S: 60 psi

JERETEM: 600°C

2. SHEBREEmITEYEZE

XIC from standards.wiff (sample 4) - s1, +MRM (6 transitions): pu_1 (555.3 / 170.1)

. [1424 XIC from standards.wiff (sample ..sitions): sn_1 (1135.5/360.2)
1.4e6 Frg,ﬁ 20000 g oo
At
1.266 &
w3
2 1006 S]H‘Eﬁk 7 o
© £
2 8065
g 05 1.0 15 20 25 30 35 40 45
£ 60e5 Time, min
4.0e5
2.0e5
-
0.0e0
05 1.0 15 20 25 3.0 35 40 45
Time, min

ElL —stitty, N=MEEHTESREEIT (10ng/mL)

IEMERREEHER

RH—RINBEARMEFZEEENRERSE, RED5
A1 ng/mL, 2ng/mL, 10 mg/ mL, 40 ng/mL, 50 ng/mL 3T ZEIIE R

FUESHmEk2.
No. Compound Q1 Q3 DP CE
BhZ 555.3 170.1 115 40
1
Putrescine 555.3 169.2 115 39
DIZ 845.3 360.3 180 51
2
Spermidine 845.3 170.2 180 91
i 11355 3602 220 66
3
Spermine 1135.5 170.0 220 130
a2 s L
IWERE{TiR
LT R REE
o HN™
i
Oﬁsﬁﬂ ﬂﬂé"‘ﬂ
R—NH, + w
50°C
_N
HaC™ “CHa u.n"'N“'m.

& EIEM EFE, FHEEES ( Dansyl Chloride, DNS ) 7EFR 14 5%
HTEBMERE, RN -HRRY, TUIRSXEIHTHER
HEBREBTH. MRBREMHMRRIEWY, MNRSENE
E, BIRFNEEER. BINELH, pHEN ZRTERNERA
M, pHEE.SHHER, fTARNIERS.

RUO-MKT-02-13583-ZH-A
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FEMXR (RP>0.99) , THEPMARMEFZERNFTE,
BEIR2 ng/mLARAER R 5 43, IRIEFHAFE RATIETTE, TN
E, EmRNENRERENT10%. TRERET, FTERN
MEENER.

S L T T T L o
fr P e r——
=L [ WRTLR. =3 Whal  FEmal F
™ -z Le_sn WY, 1 0 I 11Nl
b I — s ol i
i - o o yern S T )
L P A A
|
=) s |
e |
e "
A N N i
| BMRERLEF, 1=0.99945 .
Pt -
. 5
1
| I
el e
-
-
!..
i T i (3 F S BB 8 B B M N H & B u o= o
s

B2, WiERR ALK P45
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NG

ARXEtWEYFERFIFHRREFS 2R, FAHERSLTE
M75%, RETHRIMIEE L ERNEREEEDIT. ZRMRITAE
WhE, TTEYMERE, HERTRESERETH, REmMAERE
=, ERSHAERNE, IXRARETENEEN . WRLZL
MSEER, SMERYERFEAMAR (RP>099) , SREEHR
M REENT10%, TERFERNES, HaAED, RE

EFEHR, TAEYHRTHBSREE. THENGERNRE
DITRHSE

RUO-MKT-02-13583-ZH-A
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LC-MS/MS;iZ M E DNAHR R i I A EL A& {H 4

Determination of cytosine and its modifiers in DNA by LC-MS/MS

BRI, WRE, BEH, MBIk
Haihong Zha, Chenchun Zhong, Zhimin Long, Lihai Guo

SCIEXK A5 FF 0y, #E

*ﬁgﬁ] : cytosine; modifiers; SCIEX Triple Quad™ System; ZkEEﬁﬁiﬁﬁ,ﬁ :
1. FRA=FMFAFFRE ( SCIEX Triple Quad™ R4k ) I EDNAF A
3= EER gy, BARFNEERE, LE2.

R E S SR S AR, AERREE 2. ATERBUEMRZEpMAT], REES, REFNHERUFK,

EEEMNAG, tbi DNA EAY 5-BEARIELE ( 5-methylcytosine, .
5-mC) SYSEEIRMERIER, SERE. BE. xRehE L
SEL AMURMEBEE, YEFBMs-mC HEEKER, HERET :

Eykik, MYHSERLLN, WUSMEIEERNRE, 1

TR, NISESENRE. DNMFARRLBHEIEEEIEL

5-mC RH X FEMERE L~y (E1) . BILRER, smc/

C#93%, 5hmC/C30.1%, 5fC/CH5caC/CRBBE AN Z—"7,

"’ﬁ E2. fErEnE R A8 R s Al @ R
e
s, e EHMTS e e Tet "‘E o f
SAM Fe® , 2-00
€ smc @ 5’"%’: e
%5 % [ o Exion LC™AD 4t + SCIEX Triple Quad™ & 4t
&
%ei';.) K s
' _\;71 w L LA
L. L e
Fai* | 200
Oy
Scat SiC

E1. fERENE (C) AR R5-mCEREMLBE

AT —FhE R4 DNA AR RIERE & EAS 14 A9 bR A
AR, TENEETRITME pMRD, NRREES, TURY
HRERFT R,

RUO-MKT-02-29097-ZH-A
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BT
BIEHE: Kinetex Polar C18 100 X 2.1 mm, 2.6 pm

RENAE. AH: K (&0.1% FER )
Bi: FEEZHE 1:1 (£0.1% FER )

BREAFR: 10 pL

R 40C;

RENARERE ;
Time (min) Flow (ml/min) A (%) B (%)
0.00 0.3 95 5
1.00 0.3 95 5
3.50 0.3 5 95
4.20 0.3 5 95
4.50 0.3 95 5
6.00 0.3 95 5
BEigni&

BFE: ESiR, EBEFER

BFESE

B EHEE 1S: 5500 V S S CUR: 40 psi

F LR GS1:55 psi BN AR GS2: 55 psi

#WES CAD: 9 JEGEE TEM: 350°C

R1. g & g mERIESE

&MEZFH QlMass Q3Mass DP CE
C 228.1 112 18 18

5mC 242.1 126 18 17
5hmC 258.1 142 17 14
5fC 256.1 140 17 17
5caC 272.1 156 17 17

RUO-MKT-02-29097-ZH-A

1. R
fEmEnE R K& YN REEE TR ApME 7], sLAEEERT
E3,

12 Lt 08T M) et it 051 510 Sl st T, jibwin e 15 510 Sved] et 24 ML harnciu e 24
damy | e, Mg 71258, W1 Th i R e ] Hegh 1001 BT | M sy A3, imighe T Nler BT | W mm

maf C B~ | 5mC & W4 5hmC -

L ey & 10w e " | |1 “uap
Lo o r | il - !
= —a e 0 1 ALk 1 ], Fopd

E3. fame R A RREEReER

®2. AR R AR E R TRAL MSERE

LLOQ (EETIR) HKHTEE
C 11.2pM 11.2-8200 pM
5mC 5.6 pM 5.6-12300 pM
5hmC 5.6 pM 5.6-4100 pM
5fC 16.9 pM 16.9-12300 pM
5caC 16 .9pM 16.9-111100 pM
2. BRI :

RSN ELMEENEMXRERY, HERErK
F0.996 ( JLE4) , FREAE SEHE1E85%-115%2 [6)

El4. EMELE & HAS YRR th

EMTRIER, RN EGER — SCIEX RISTASNAXE 123
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3. #ﬂ‘giﬁfﬂy IE\gEI:
SCERDNARE G R RE e & HAs e N R KRS, FrB A SCfEFISCIEX Triple Quad™ ZExiE sy 7 DNARR BRI E B H A&
T ERRERTIE WIBILC-MS/MS T3k, ERER, AT ARBES, EBHER
WK,

A I I | - 3 30k

= pesaEirey i - [1] Lister, R.et al. Human DNA methylomes at base resolution show
' LTy R i ; e widespread epigenomic differences. Nature462, 315-322[J].
s PubMed,2009.D0I:10.1038/nature08514.
[El5. SCERDNARE & BRELE & HAE I M NE R E [2] C.-X.Song, C.Yi, C. He, Mapping recently identified nucleotide

variants in the genome and transcriptome, Nat. Biotechnol. 2012,
30, 1107-1116.

RUO-MKT-02-29097-ZH-A
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T FASCIEX & AH B itk BB BR it i X 2R AR AR Y sE E RS 31 THE ]
th

Targeted Analysis of Energy Metabolites in Cells by Using SCIEX
Liquid Chromatography-Tandem Mass Spectrometry

SeERER, REE, WAk
Xiaoyuan Shi, Zhimin Long, Lihai Guo

SCIEX K AZFFHs, HE

Key Words: Energy metabolites; Target Analysis; Cells AR
WRAEFESE: SCIEX ExionLC™ ADR 4t
515 4. ACQUITY BEH Amide (100 x 2.1mm, 1.7 pm)
WIE A EMREMTINRENBE LR, FRE. FHERHIT TANAE: A 95%7K ( 220mMZERER, 5pMIE FRE —RERR )
12, FHZRINRRROTM, MER. BEEE. INIRENEE B:95%Z & ( &20mMZER %R, 5uMILFRE iR )

WMWK ERMERE = E0, T2 BTRRISRER.

RIE: 0.3 mL/min
My I MIARAMHRSHE, MEERASHTE

BT & FRIER, KIRMBPE M A B RS, HIERRAIE & fEiR: 40°C

EMNAEYREYEER, NEREXMBRAREREMERE, ST RABREE .

KO MER TRSMHEURRENHETETEN, EBR

B EA RS SERRBLAYIATR, ADPE, AT RARRE e (min) A(%) B(%)

ME, BHEERTHEESTEASHERTE, REERE. 0 5 95

AXHAT REMEEM, BT IAT PR RN EER, By T 1.0 5 95

00 FEEBABIMMITE, TUHTEBRREANMT. 12.0 25 75
15.0 60 40

8238 20.0 60 40

SCIEX ExionLC™ ADZR Zt FISCIEX Triple Quad™ 7500 & 4t 20.1 5 95

26.0 5 95

IT,—' -~ i LT
( BYR: ESI, IE. MBETHER

TR MRMZ RSN

SHRCUR: 40psi BREEBEIS: +3000V/-3000V
JERE Tem: 500°C F{LSGasl: 35psi
1 .ExionLC™ ADFR Gt FISCIEX Triple Quad™ 7500 % 4t B S GAS2: 70psi #i¥ES CAD: 10

RUO-MKT-02-14614-ZH-A
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MRMZ], K1 Pl gl o P g o P Tl ey gy oy
el e (—T maf e pet| . [teom
K1 BHERRBMORES K k [ g ) .5 - |
B e Il ! ,_,ﬁi J [ - | i .t i
1 12 ot L Ly il ; i
Component Name Q1 Q3 Polarity e i R i i R
s oy il i Py i e Bty e G g ey v
AMP 348.15 136 Positive T oo m?‘f': s o uss gl I
Lt E LE] - ..\: - Lek L . i 1 - dau | -.--.::.'-.--
dAMP 3321 136 Positive I o | | ] § ? p: - 1
: . ' IIL o ™okas otk
Deoxyadenosine 252 136 Positive B =R oW TS R T
T ot T e T s sy
Adenosine 268 136 Positive e feryl i o i Pl e g Byt i i o ey e
= i el ; Tal gL
P | v Fnatite Bins ey s LRt LI
Guanine 152.2 110 Positive " B [ III ¥ *-i J" § "'“ = ; L R I
] " ] 1 o
; | ot
Guanosine 284.1 135 Positive ,: 'I. il e o) S tolnntiznct
T i, Pl - Vi,
dGMP 348.1 135 Positive
. E2. 3850 iR L A iR T
GMP 364 152 Positive E2. 52 R L EYIRRE FEIEE
Citrate 191.05 87 Negative
Isocitrate 191.02 117 Negative
2. AT
Aconitate 173.05 85 Negative R . .
Oxonl . \ AXHGNT 2 BEERATFEREDN, KIZHEE
xoglutarate 145 101 egative

AR RBAY RN, RARASR6N A BAMPAER,
Succinate w7 73 Negative BIheA A BARER, FIFIZLC-MS/MSTT AL A R AEBR
Fumarate 115 71 Negative BT T BE ST, Bk, BAXAALSNSETRE
Malate 133 115  Negative R#TTPLSDAS T, MEBHTUFLH XA RRAEMHHEX

oxaloacetate 131 87 Negative DIFR, RPEBREVELBEARNBATEBELR,

LR —

1L EBFREATERUEYNRREFRELEL ABF&
XE B EYRREE T RERE2. s

W08 PRI e ane B | 0000 Ml (Mt nen B gopen - MM e dumple ine Foon- OMF 00 (ampm e
s 50007, e ol Y 8 ewn | A 370000, b Bk A1 BN wer  Avee BEIO0R e o7 T MMM A 3 P00l e ok HE M 73 ew 9] (=]
- B - o 2 -,
5-’-{.‘" Maeer o ol LU '.' (P e
| ool =
f ™ 5 | = ] f « £ o o
i - | By { i = [
‘ I\ - | i\ » 4 £n o e
P SN AL \ ~
.t - ot e G ot el PAT) N L . @
» » " . » " " » - - -
T T e T - Tows o
qpon - M ey pavgw eter 3y Sopee - CME e oy e | s M LA g b ) e relwhen  paTie bawe By ] [#]
Ams 10w b oA BT MR A 8 e At TR0 Ve wh NT T g LM e Bea T N
bad 3 N
am ‘.m 1ot o [om o pot o fro00 o
2 1 o
S P o o S o
b g . ] ' 9
| > ” \ = o
LA } | 4 LAl
- o Comt c. -
T N C ) B » €598 a0 88
T oy o, e o (R -t
- pon Dot pamps. woox Fopon NAD s fumpts trb 3] gepen NADE U gvrwe tvin W o e wn P o N
A 22 Ve S Y e A 1S i at NT M e R A 7T o A BT M e
it e U na| T i oy e b £ ey . . . . -
6 ey =
S o oy f = 0 5 o H 5}
! > ) it | ’ i
. , - - | | FC LBl a%)
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E1. o EREX L EYERE TSR 3. WA MRBHARKPLSDAE (GAHBRZEH, CHWRA)
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ATHHENZFHENEEREYR S, RNETT S
T, SEEMRIEYERASERFMNp-valueFlVIPE, Aid
p-value< 0.01FIVIP>1M9 %1%, HERFHRFVEEZELEML (IR
2) o MWIAVE (E4) TURHINBASHAREEEEZR, &
top2sMILEYH, BHETRE. SF. IEF. RER. 55
B-e-BREUMYREEFS, RESHE=#R. HE®K.
. RIEaR. EREFLAYREERER.

Luﬂ e

Aarsemen " k

[ o
oy

BT
D-ax pae dearomar

Vg e Bdhvarta
Arrre
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[
[SFEST n

fe—
=

B
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[T

CrE

=1e

Dycrs

oo wrw
ot |
ey

| daname
LYE PR
[P
-

v pra sstes

Ea. MAMAHERHNEE (top25) (GHHRZHE, CHNWERA)

B4

ZR3C{E FISCIEX Triple Quad™ 7500 R E B2 37 7 330FM&E E g1
LC-MS/MSHEMFT3%, TTATHBTEEREYNERWR. 125
AR S ST AR PRI RS, T B R it
FRMEFHEST, ASBENTAREE TEEARWINES
R T PR T N FE.

RUO-MKT-02-14614-ZH-A

R2. MO EFRUAEY (top25)

No. ERLAaMAET p.value VIP
1 Guanosine 1.1873 1.30E-13
2 D-Glucose 6-phosphate 1.1872 1.41E-13
3 Adenosine 1.1871 2.06E-13
4 Inosine 1.187 2.23E-13
5 (5-L-Glutamyl)-L-amino acid 1.187 2.50E-13
6 Guanine 1.1864 7.75E-13
7 Hypoxanthine 1.1857 2.05E-12
fructose-6-phosphate 1.185 4.85E-12
9 dAMP 1.1846 8.30E-12
10 AMP 1.1841 1.35E-11
11 myo-Inositol 1.1837 1.88E-11
12 Choline 1.1833 2.57E-11
13 CTP 1.1833 2.65E-11
14 UMP 1.1825 5.01E-11
15 L-Aspartate 1.1813 1.11E-10
16 Phosphocreatine 1.1807 1.54E-10
17 Glycine 1.1806 1.64E-10
18 Xanthosine 1.1804 1.92E-10
19 Palmitoylcarnitine 1.1802 2.04E-10
20 GMP 1.1801 2.27E-10
21 Glycerol-3-phosphate 1.1795 3.02E-10
22 Uracil 1.1791 3.76E-10
23 Succinate 1.1789 4.05E-10
24 Sarcosine 1.1789 4.08E-10
25 Guanosine 1.1873 1.30E-13
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SCIEX=E R R RiE S tr117h & 5 Befk

EREN ST

Rapid Analysis of 11 Energy Rich Phosphate Compounds by

SCIEX Triple Quad Mass Spectrometer

R, ST, BE#

Junmiao Chen, Dandan Si, Zhimin Long

SCIEX & FAZ FF s, HE

Key words: SCIEX Triple Quad 6500+, Energy Rich Phosphate
Compounds, Nucleotide Compounds, dATP, dCTP, dTTP.

E1E

SHRBRUAYVRIEKBEITERASHREN —XBER L
AWM. REUEAMEEFIEBMN N SNHREA N =HEBRE
(ATP) %, EMNREDHER. BENTIREENEN, 2EDR
HEMNEEDR. ZX U EMTEERREEYEREEB M (LC/MS)#H
FORESASERMFIGEIR, SERATSHmEEE, i
DHFEREMEME SRR (CE-UV) . BRUEAE (HPLC-UV) R
BEMENBSEREEAS, MZEXUEDEERERTEE
RIEEABREESIEINT RN,

BRIA D X IRER A RSNERMAB TR, RA
TREUEYHREE, EHTETIRAENFPLRESRK
BRET®EATS, SERIEMESTFHRAANNENES
FEESIHERR . MiZXAENERBEEFERATFRE
EZNFERRRALEMTHHMREARSSEGTHENERE
REHRHBEEESE,

KT AR BIERENAERRMNT FE R R FRENATR
i@ﬁ%%lMAWMER SR FASCIEX Triple Quad™ 6500+ % Zt itk
FERYERENT, TERTX0.1ng/mLIXT, S ELEWR
PR BT 2 0.01ng/mL, x%ﬁ,@i%&w%%ﬁ’ﬁ%ﬂﬁﬁ?*o

FiERE:
L REERRE T RAR S (SR, BRI,
2. RIFMGMRREEHRERRER ST REREKT B

BRASVNERES,

RUO-MKT-02-14446-ZH-A

128 AT, FIRE AR — SCIEX i1 HF R A E

3. HERETAIERRE, R
( SPE) R%a.

ﬁﬁsﬂ =] /R//Eﬁ?$:F ?Eﬁﬁ.*ﬁ—éﬁl

LB

SCIEX ExionLC™ ADZR Gt FISCIEX Triple Quad™ 65007 £t

1. SCIEX ExionLC™ ADZR Lt FISCIEX Triple Quad™ 6500+ % 4t

Wbl &

ARUNIREREEREBESUMEMME, TEHER.
KIBIEM LR, MARIRRRBLKAR, BREAET
TEEMANEKESR, ERELXARE: 28 (11, vv) RE
BRRER, aRBECEREBERET, BR4KES, @ARNESR
FEAWARARE BT,

BHEAE:
WRHEESE: SCIEX ExionLC™ADE %t
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@ IE4E. Synergi4 um Fusion-RP, 150 X 3mm
REIMEA: K (&5 mMPERER, 5uMTRE B )
RENHEB: 95%ZHEK ( &5 mMAERSR, 5puMIEFRE R )

RIE: 0.25 mL/min

HiE: 40°C

HHEER: 10l

TRABRERE ;

B 8] (min) #i#® ( mL/min) A(%) B(%)

0 0.25 99 1
2 0.25 98 2
5 0.25 ) 10
8 0.25 10 90
9 0.25 10 90
9.1 0.25 99 1
13 0.25 50 1

FEiESE:
BEREN. ABFER
HBEAR: MRMZ RS

SHWECUR: 25psi JRIRE TEM: 650 °C

F{k=Gasl: 35psi BN Gas2: 60 psi

MRMZ4L. 31

TRER

RPEREY: MF2FR, FE LML EYELHEERE
NEMRY, &MAXRRENTX0.999, HALEMEETR
(LLOQ) TTi£0.05 ng/mL, BHLAEMIFEMLEINEZ, E2ET
THRALAELEYEL ng/mURE THIER, BFTERELEY
R RY, BEMMEEWMdTTPRIUDPE N &S, EE TR
MEERAKE, AFARUFUEYEREN, RBERFE
UEYABEEHTEETRES, I XFRFIEMNIRERK

HTER, SUEVURIFRNEE FRITLER2FAFAIESE
1Ko

RUO-MKT-02-14446-ZH-A

R LTS EBRA S TUES I
2% Name Q1 Q3 DP CE
BRIERIZE R AMP-1 3461 1340 -50 -40
BRIZRAZEER AMP-2 3461 969 -50 -36
BIERIZER GMP-1 3619 2109 -50 -25
BIERIZER GMP-2 3619 1500 -50 -35
2-BREMFE-5-EBEE  dCMP-1 306.1 1949 -50 -25
2-BREREF -5 BB dCMP-2 3061 789  -50 -60
=R RAEIER EAZEER  dCTP-1 466.0 159.0 -40 -35
AR RREIER EAZERR  dCTP2 4660 789 40 -120
PIRREIER EAZERR  dTMP-1 3210 1949 -50 -25
FIRREIER SAZER  dTMP-2 3210 789 50 -45

= TR B RR B E Y S E R dTTP-1
= BEER PR NE I FAZE R dTTP-2

481.0 159.0 -40 -45

481.0 789  -40 -120

PREF ZHEER UDP-1 403.0 159.0 -50 -35
PRE ZHEER UDP-2 4030 789 -50 -100
PRUENEAZE R UMP-1 3231 969 -40 -27
PRUEVEAZE L UMP-2 3231 79.0 -40 -80
BRIZISIZE R AMP-1 3461 1340 -50 -40
BRIZRGAZE R AMP-2 3461 969 -50 -36
BIZRZER GMP-1 3619 2109 -50 -25
BIERIZER GMP-2 3619 1500 -50 -35
REEMRIZH R IMP-1  347.0 1349 -40 -35
REEMRAZE L IMP-2 3470 969 -40 -31

B FTAL1INMEEYL ng/mUARE SRIBBROESLE M6,
IEERIT RS EIMRSDIINT 5%, RPIZITEER LR

R RIEE, RN EMRE — SCEXRISAFEN A E 129
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2. MU EMLNTEE R RGEER

KMEE SKMXE TETR
B4 Name
(ng/mL) (R) (ng/mL)
BEMRIEE R CMP-1 0.2-100 0.999 0.20
SHEIERIC dATP-1 0.1-100 0.999 0.10
BREALER ’ ’ ’
25" dCMP-1  0.1-100 0.999 0.10
B ' ' '
= HRRIRIE dCTP-1 0.1-100 0.999 0.10
B A% ER ’ ' '
il .
R -1 0.1-100 0.999 0.10
BREALER
SRR dTTP-1 0.1-100 0.999 0.10
REZER ' ' '
PRE ZHERR UDP-1 0.05-100 0.999 0.05
FRIEDEE R UMP-1 0.05-100 0.999 0.05
BRIEMIZE R AMP-1 0.2-100 0.999 0.20
BIERIZER GMP-1 0.2-100 0.999 0.20
REBEEMIZE R IMP-1 0.2-100 0.999 0.20
T gl e '..'.-'.'_-' T T W PHem i e "EiRen mhTRee T he ik I
=T = ( : ol I o= = [
N N = N - -
& ] i e | = =
ol '_'__l_ L T I ' .-._"I"_ E oy
f Tt v ‘Z" |f. I "":“ i
= | - - -
{u‘ L:|IE| N
- o - ot B =
- i e b fin iy

=2,

117 &P 1Ing/mLIEEI(E 2

RUO-MKT-02-14446-ZH-A

130 fEMTARIEIEE, RN EREE — SCIEX RfHF R A&

I ol 4 WASE1 3 = PTRLIREDS & + ATRENIBE s = BOBRHIL ¢ = WAIEE fusighting 1 - B

ik
L
LT
i .
it
0 l H ————— #
: e i —
e ——
e Lt = -
3 a ' a = i -
Lemaerm

3. R L S W R 2

B4

ZRXCf# FISCIEX Triple Quad™ 6500+ R R 237 T 11702 5 REBERR
BUSYVNEERE, ZAERDBEREE, TEANEFX
R, BONURBRENENTIEINTENB R, BTTERE
EREBWME, SHAVELECENEHEXRRY, TUHE
TEEEHGTSRERRLEMNEET K,

SEHE

[1] Henryk S, Markus N, Marco H; Enhanced nucleotide analysis
enables the quantification of deoxynucleotides in plants
revealing connections between nucleoside and deoxynucleoside
metabolism. THE PLANT CELL 2021: 33: 270-289.
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N FSCIEX Triple Quad™ 5500 % %44l 4 # 4 fh B 387 BE -+ ER
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BE3TEE ( Bile Acids ) BT EF7EM—EKMBIRE A BFR,
R—HATREBEERE. BEEFRYRREFIETRE R SE
BAEAN, BARZRENTS A EREBTTERANE ST,
BT EIEER (cA) . REMAERE (Dca) . BEAFER
(cDcA) ML EMNAERE (LCA) ; £ABETREEHEER
(GCA) . HEMESHMER (6CDC) . FHAEE (TcA) MF&H
BEEMERE (TCDCA) . BARFEFETHBERRSHE
THEBERE—-ENFRPER. BEARAMSKRE K FARERBHF
ThEERE, BbMEFEAEBRKEEEEMBINENEEIER.
BEXNEYHERREZFAETEESEMRN, TUAEZNERK
ST 3:0F st )8

BRIBETEBMAALEEIECESERE. SEEES
BRIE. SAEeE. AEeSEKREL (LC-MS/MS)
%, HALC-MS/MSEFAERHE. RE¥. FEUHTFNES,
EEXBEMANSN, B, AXXFASCIEX RIEE IS
RERS, ©NEYERP38FETER, 2514.
(LCA), ursodeoxycholate (UDCA), hyodeoxycholate (HDCA),

lithocholate

chenodeoxycholate (CDCA), deoxycholate (DCA), o -muricholate
(aMCA), B -muricholate (B MCA), cholate (CA), glycolithocholate
(GLCA), glycoursodeoxycholate (GUDCA), glycochenodeoxycholate
(GCDCA), glycodeoxycholate (GDCA), glycocholate (GCA),
taurolithocholate (TLCA), tauroursodeoxycholate (TUDCA),
taurohyodeoxycholi acid (THDCA), taurochenodeoxycholate
(TCDCA), taurodeoxycholate (TDCA), tauro- B -muricholate
(T B MCA), taurocholate (TCA), murideoxycholate (MDCA),

RUO-MKT-02-10519-ZH-A

23-nordeoxycholate (23-NDCA), hyocholate (HCA), glycohyocholate
(GHCA), glycohyodeoxycholate (GHDCA), 7-ketolithocholate (7-
KLCA), 12-Ketochenodeoxycholate (12-KCDCA), 7-ketodeoxycholate
(7-KDCA), 3-oxocholate (3-0A), ursocholate (UCA), dioxolithocholate
(DLCA), w-muricholate (wMCA), A -muricholate (A MCA),
allocholate (ACA), tauro-w-muricholate (TwMCA), tauro- o -
muricholate (T o MCA), tauro- A -muricholate (T A MCA), glyco- A -
muricholate (G A MCA).

2R &

SCIEX ExionLC™& 4B Z 4k + Triple Quad ™ 5500/ 1% & 5t

BHEAE
B1E4E: Phenomenex Kinetex C18 (100 x 2.1 mm, 1.7 um)

TRENHE: AME: K (0.1% FER )
BiE: ZFE (0.1% FER )

RIE: 0.45 ml/min

fRMTRETZRD, AR MR — SCIEX KiFEZMANXE 131
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8. 40°C
BREE. 5L

R ORBERBEE

2. 38FPAE R MY RIE S HL

B} (min) A (%) B (%)
0.0 90 10
1.0 90 10
2.0 75 25
12.5 60 40
14.5 2 98
16.0 2 98
16.5 90 10
18.0 90 100
BEig %
BFR. ESUR, fEFELS
BFRSH.

ISER [ -4500 V S CUR: 35 psi

[WAC
Z£1k= GS1: 55 psi 1K= GS2: 55 psi
#i4E S CAD: Medium JEBE TEM: 550 °C

LR

AXKZITTERTERMERS RN, SMHETROREA
B BB AR R A B SCRR i TR E . TR AR, iX38FhAE
TTERERRERARNE], FANRERE T RENEL, WHRHIZITEARER
TEREYF A

L] 7053 10 1A from Sample 14 (plac5) Turbo Spray) Wax 1256

El1. M3 4 5 AP 3sf e R YIRS TR .
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Compound Q1/Q3 DP CE CXP
LCA 375.3/375.3 -120 -23 -20
UDCA 391.4/391.4 -140 -30 -7
HDCA 391.3/391.3 -140 -30 -7
CDCA 391.3/391.3 -140 -27 -20
DCA 391.3/391.3 -140 -30 -17
aMCA 407.2 / 407.2 -150 -30 -20
BMCA  407.2/407.2 -150 -30 -20
CA 407.2 / 407.2 -150 -30 -20
GLCA 432.3/74.0 -135 -71 -19
GUDCA 448.3/74.1 -135 -71 -19
GCDCA 448.4 [ 74.1 -140 -72 -20
GDCA 448.3/74.2 -140 -75 -20
GCA 464.3/74.1 -120 -75 -7
TLCA 482.3/80.0 -130 -120 -5
TUDCA 498.3/80.1 -120 -120 -10
THDCA 498.3/80.1 -120 -120 -10
TCDCA 498.3/80.0 -110 -120 -10
TDCA 498.2/80.0 -120 -120 -21
TP MCA 514.2/80.1 -120 -125 -20
TCA 514.2/80.1 -120 -125 -20
MDCA 391.3/391.4 -140 -30 -7
NDCA 377.3/377.3 -140 -20 -7
HCA 407.2 /407.2 -150 -20 -20
GHCA 464.3/74.1 -120 -75 -7
GHDCA 448.3/74.2 -135 -71 -19
7-KLCA  389.3/389.3 -140 -20 -7
12-KCDCA 405.3/405.3 -140 -20 -7
7-KDCA  405.3/405.3 -140 -20 -7
3-0A 405.3/405.3 -140 -20 -7
UCA 407.3/407.3 -140 -20 -7
DLCA 403.3/403.3 -145 -20 -7
wMCA 407.3/407.3 -140 -20 -7
AMCA  407.3/407.3 -140 -20 -7
ACA 407.3/407.3 -140 -20 -7
TwMCA 514.2/80.1 -120 -125 -20
ToaMCA  514.2/80.1 -120 -125 -20
TAMCA 514.2/80.1 -120 -125 -20
GAMCA 4643/74.1 -120 -75 -7
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AXHARN T 24N ERMEFRABTERMDHT, Hbh2g
AEBEZROMEER, 2MNABERRFBOEROMER o
FATX X HE BRI T P38 FHABA R A it 17 7 EM R EE
B0,

B, BATXMARRETTPCADAT, ME2HRIATT M
EHXAMAN RRPAEMNERX DR, 7BAETRERRRKER

®iE, ATHETUERBEOETERMS, RIIXFX38Hh
BESTEE AT T St AT, BEIEMIET B P AN R R Ap-value
Ffold change (FC) & (&4 ) , Bidp-value < 0.05FIFC>2AY
&, HERMETBREEZTMN, HheME SRR AENERR
BERNMEPEETHE, 1THETRASENS, FANR3, i
B, BRFENGNETENSEFBHEXRN, BEXFIPEFHASH

B,

PHEEZETK.
Banaen o . e W_'
% o
o il - .
i 'I. A : : g th e
o .
B o S ° %
- [ -] = e
s o =1 &
o . . ¥ T R
L] e o 1 '
& b (F)
[=]
Ela. FAZR M R R3sFEH RS B ILE,
N ) L : 3. HALRMEHRPENER VR O3B,
B2, A% RN & HIPCAR, FC__ p-value BRRR i & B
THDCA 10.82 2.96E-06 down
TUDCA 4,71 5.18E-06 down
BE, BRIV XALIRHTT HES, MNEEZHFRMNTIUE T MCA 3.23 1.41E-05 down
EWHENSHEHR S BERRARNPHEL, TwMCA 5.14 4.96E-05 down
TAMCA 3.43 2.01E-04 down
GHDCA 2.40 3.87E-02 down
GCA 5.10 2.96E-06 up
HCA 11.13 8.88E-06 up
3-0A 8.21 8.88E-06 up
ACA 2.97 1.41E-05 up
CA 2.52 1.41E-05 up
7-KDCA 10.82 2.22E-05 up
GHCA 8.14 2.22E-05 up
GLCA 8.17 1.03E-04 up
GCDCA 3.12 4.96E-04 up
CDCA 3.09 4.96E-04 up
G A MCA 3.52 8.58E-04 up
LCA 2.15 1.43E-03 up
o MCA 2.98 2.32E-03 up
GDCA 3.41 3.64E-03 up
DLCA 2.20 8.29E-03 up
B3, 7% LA B TCA 2.09 1.21E-02 up
. e TLCA 2.06 3.87E-02 up
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ZRSC{FE FISCIEX Triple Quad™ 55005 G 27 7 LC-MS/MS T3 350
EISFETRMEER A, ZAAEEFNEDHER PR
TRAE, NMYBESROEFMAC I AR PR E ARy, T HE&E
BREFIOZER M, AXBESTARERFRETERHZE
SRETTENT .

SEH

[1] HanJ,LiuY,WangR, et al. Metabolic Profiling of Bile Acids in
Human and Mouse Blood by LC-MS/MS in Combination with
Phospholipid-Depletion Solid-Phase Extraction[J]. Analytical
Chemistry, 2015, 87(2):1127-1136.

[2] WangX, Xie G, Zhao A, et al. Serum Bile Acids Are Associated
with Pathological Progression of Hepatitis B-induced Cirrhosis[J].
Journal of Proteome Research, 2015:150512060716008.

[3] Xie G,WangY,WangX, et al. Profiling of Serum Bile Acidsin a
Healthy Chinese Population Using UPLC-MS/MS[J]. Journal of
Proteome Research, 2015, 14(2):850-859.
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Determination of 90 Amine- and Phenol-Containing Metabolites in
Biological Samples on SCIEX Triple Quad™ 4500 system

RS, RE®, BB

Chen Huimin, Long Zhimin, Guo Lihai

SCIEXZ HZ 50y, H1EF]
SCIEX, China

Keywords: SCIEX Triple Quad™ 4500 System, Amino Acids,
Metabolomics, Biological Samples
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AEBRRHEGTEMRAXEELRZNE BEYRSY. N
EANBGERPEIRFINEERMT HALBRORZ NG FF
MREI, ARESEMHMBELEMERBENEYRNZE M
MALRT, ZEREARHVNEERERS. —LRTHSRE
UMERIE RS EENE S EENAR T AR AEENA
o BREEARBMH AN 8 BT RE R E R R .

B A FLC-MS/MSTE B 46 0 & Fh & B RS ) 25 09 3 Z Bk Ak
ETEVERPAERERBYORN, FKELEYERSE
(RP) LCEIEH LRBRE, EEREYVERFZELERFSH
o AT R FBIETE T UERIHNER G E LT A
RYE., AXFAFHEBSEITEMIRFI A, FEROR
B TETEL, NIRRT REEEFNRERET,
FREERERNFHEFUNE, RIRSEEYRESER
MM RBERN B, FFFIASCIEX Triple Quad™ 4500 R Gt 37
715 min— &t AR NN BRI EE L. %7 AR
RifyEZE (BFaEREIEFEN. Z2BH~n%E) , #
RNRARFERFAWT2MER R, RAT R RAREH
MBREER, FHRTEFOH. BINFIBIZITED N T /IR
M3 FO PR R AEA AP 71 R A8 8 Fh AR K RIS

RUO-MKT-02-11082-ZH-A

ExionLC™ ADZ 4t + SCIEX Triple Quad™ 45005 4t

MEMHA. B1o00 ik, IIA300 yLFEE, EH1min, 5E
1h (4°C) , 14000 rpmE/>10 min, B EEFEFHRE.

PRGIEAR: 50 pLIRERAKBRELE, 2ERMEFERLET
o

HAREAR, HEAFRE20-30 mgBETEPEH, IIAS00 pLiBA
F-80 CHYFE, KB, 4 CT14000 rpm B /110 min, LiE#H
HTFRFT-80 CH,
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SRATHA, B EERS0 pL, MA30 pLI#EBS 2 EER
(10 mg/mL)F40 pLAY0.5 MERER SA—FRBR R SNEE Mk, 3 DR
RS, BTF60 CAKERR30 min, BUHHIALOUL0.25M NaOH, &
K60 CKBRR10 min, FREWAMNEEREIATO LAI10%
FERAR, 1uLdd, BMOESRESRTEIE, BBES,

FHEBELTE M RRSPERN R RBNE L, IR — ML E
MEZMANEATRESHN SN AEMEAERN . 2ELT£F
KL EMTELC-MS/MS IS IFE R BT R ILE1b, TR BTt 51
Am/z 170Fm/z 156,

a R R
cl ™~ N/
X
60°C
+ NH —_—
7 / N\ PH94
' R
N N
HiC CHy HgC/ \CH3
b. @
R R AN
~ N /
| F
0=—=8=—0 / m/z 170
N
OO HsC/ \CH3
®
® c
AN \ S
HC CHs - m/z 156
HN
ch,

B oA EB LT L ERSMEARNREE, bTEENFNYEFE
LC-MSMSH SRR F= £ IR MR R o

®IEHE: Phenomenex Kinetex C18,2.1 x50 mm, 2.6 pm;

mEE: RABEER

ARIK (0.1%HFER ) ;

BAZKE (0.1%8FE ) ;

RUO-MKT-02-11082-ZH-A
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SREE: 0.17 mL/min;
R 40°C;

HHEE. 1L

R BAAEBASE

Bt [& (min) A (%) B (%)
2 85 15
3.5 65 35
6 60 40
8.5 58 42
10.5 40 60
115 5 95
12 5 95
125 0 100
13 0 100
13.1 85 15
15 85 15

HiEAR: ESk

ESIEFRSH:

WIESCAD: 7psi;
TERE: 550 °C;
HBISGAS 2: 55 psi;

SHECUR: 35 psi;
ISEFE: 5500V;
F{L=RGAS1: 55 psi;

A SCARABARAE T I B AB 5 3CRR™ Y F1 FISCIEX Triple Quad™ 4500
RGN T EHREYERPOMEERRIFDNNTTE, E2a,bM
AP ANRER & . HAMME RN R E RIS FRE.
HAPERE Py ERae 10 ME], MARMME 5 74E

M E| 72707157,
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Compound Q1 Q3 ';‘i'::l DP CE Compound Q1 Q3 ':‘I"';:l DP CE
Glucosamine 413.14  170.1 8 60 35 Argininosuccinic acid 759.25  170.1 8 60 45
2-Aminoadipic acid 395.13 170.1 8 60 30 B -alanine 323.11 170.1 8 60 35
4-Aminobutyric acid 337.12 170.1 8 60 30 L-Homoarginine 422,19 170.1 8 60 40
4-Hydroxyproline 365.12  170.1 8 60 30 L-Homocitrulline 423.17  170.1 8 60 40
5-Glutamylcysteine 484.12  170.1 8 60 40 DL-3-Aminoisobutyric acid 337.12  170.1 8 60 30
5-Oxoproline 363.10 170.1 8 60 30 2-Aminoisobutyric acid 337.13  170.1 8 60 25
Alanine 323.11 170.1 8 60 30 5-Aminovaleric acid 351.13 170.1 8 60 30
Alanyl-glutamine 451.16  170.1 8 60 40 L-2-Aminobutyric acid 337.13  170.1 8 60 30
Arginine 204.60 156.1 8 60 30 DL-2,6-Diaminopimelicacid  424.15  170.1 8 60 40
Asparagine 366.11  170.1 8 60 30 6-Aminocaproic acid 365.15 170.1 8 60 30
Aspartic acid 367.10 170.1 8 60 35 L-Norvaline 351.14  170.1 8 60 30
Citrulline 409.15  170.1 8 60 35 D-(-)- o -Phenylglycine 385.12  170.1 8 60 35
Cystathionine 34509 170.1 8 60 35 L-Norleucine 365.15  170.1 8 60 30
Cysteine 355.08 170.1 8 60 35 Serotonin 643.20 170.1 8 80 35
Cystine 354.07 170.1 8 60 40 Tryptamine 394.16  170.1 8 60 30
Glutamic acid 381.11  170.1 8 60 30 4-aminohippuric acid 428.13 170.1 8 60 40
Glutamine 380.13  170.1 8 60 30 5-Hydroxyindoleaceticacid ~ 425.12  170.1 8 80 35
Glycine 309.09 170.1 8 60 30 3-Aminosalicylic acid 387.11  170.1 8 60 30
Histidine 622.18 170.1 8 60 45 Taurine 359.07 170.1 8 60 25
Isoleucine 365.15  170.1 8 60 30 Hypotaurine 343.08 170.1 8 60 40
DL-Kynurenine 44214  170.1 8 60 30 Djenkolic Acid 488.10 170.1 8 60 40
Leucine 365.15 170.1 8 60 30 DL-Ethionine 397.13  170.1 8 60 30
Lysine 307.10 170.1 8 60 30 DL-Homocysteine 369.09 170.1 8 60 30
Methionine 383.11 170.1 8 60 30 DL-Lanthionine 675.16  170.1 8 60 40
Methionine sulfoxide 399.10 170.1 8 60 35 L-Carnosine 460.16 170.1 8 60 30
N-Acetylaspartic acid 409.11  170.1 8 60 35 L-Anserine 354.12 170.1 8 60 30
N-Acetylcysteine 397.09 170.1 8 60 35 Ala-leu 436.19 170.1 8 60 40
Ornithine 599.20 170.1 8 60 45 Sarcosine 323.11  170.1 8 60 25
Phenylalanine 399.14  170.1 8 60 35 3-Methyl-L-histidine 403.14 170.1 8 60 35
Pipecolic acid 363.14 170.1 8 60 30 N € ,N € N € -Trimethyllysine 42221  170.1 8 60 40
Proline 349.12 170.1 8 60 30 Asymmetric dimethylarginine 436.20  170.1 8 60 40
Serine 339.10 170.1 8 60 35 O-acetyl-L-serine 381.11 170.1 8 60 30
Threonine 353.12 170.1 8 60 30 N o -Acetyl-L-lysine 422,17  170.1 8 60 40
Tryptophan 438.15 170.1 8 60 30 DL-5-Hydroxylysine 315.11  170.1 8 60 30
Tyrosine 208.10 156.1 8 60 35 5-Hydroxy-L-tryptophan 687.19  170.1 8 60 40
Valine 351.14 170.1 8 60 30 4-Hydroxy-L-isoleucine 381.15 170.1 8 60 30
4-Aminobenzoic acid 371.11  156.1 8 80 45 Prolinamide 348.14  170.1 8 60 30
Guanine 385.11  170.1 8 60 30 2-Amino-2-methyl-1-propanol  323.14  156.1 8 60 40
2-Aminoethanol 295.11 170.1 8 60 30 Methylguanidine 307.12  170.1 8 60 30
4-Hydroxyphenyllacticacid  416.12  170.1 8 60 30 Homocarnosine 354.12 156.1 8 60 30
Histamine 578.19 170.1 8 60 30 Aminolevulinic acid 365.12 170.1 8 60 30
0-Phosphoethanolamine 375.08 170.1 8 60 30 Metanephrine 431.16  170.1 8 60 40
Boc-D-Tyr-OH 515.18 170.1 8 60 45 Salicyluric acid 429.11 170.1 8 60 35
D-Homoserine 353.12 170.1 8 60 30 3-Hydroxyanthranlic acid 387.10 170.1 8 60 30
Saccharopine 510.19 170.1 8 60 45 3-Methyl-L-histidamine 359.15 170.1 8 60 35

RUO-MKT-02-11082-ZH-A
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BE2. afRik. bBRMcM R FooF L REMMIERE T RE,

AINABARZ T AT E DR P OREME LR TSN, &N
FANBMNEERNeMURGIBARHEAR (H#HTTHEABZEEL
2, BN —ADHRSIENe N TATHM T HNBEELE, BE
EERERPNENFAELEYAIRSD<20%. HFPHMAIEHEL
REBR2MLEYIRSD<10%, HEEHEERE RT3 MLE
YIRSD<10%, HHERNFK3. ZERKBIZAENRETE, o]
AT ERERF RSN,
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bboh, AXHERN T 16 MEARERATER DM, LW
FRAEERRSAE PN A, 16 EARBN ARREEE R
BAR, AN ANNREFZHR, Fl AIZLC-MS/MSTT A X HAFE
AARREREIETT EEEND .

B, FATTX AR RN BIEmRLE R T 7 PLSDADR,
MEBF A HX P AR AR E AR SR, AR
MEBRBARESARPEEEER,

Geares Plol
™
o
®
= .3
I * e g
4
i 2 ®
8 @
g
. :
] ' i ¥
....... 103w

3. FABLRMERMPLSDAR (O EALR, 13 EHAER)

BE, BMNXRWARIRHLTTREDT, MNE4RTUEE
Vi E B SFHREY S EERRARN T,

BE, ATHEZUEZERBHENRERKD, BIONAR
FNBNREREYHETT RIT0, SEESHRIEYERA
& Bp-valueFfold change (FC) 1& ( E5) , #@iTp-value
< 0.05MFC>2M 1L, HBETHRIFVERET L, BER
Cystathionine. Methylguanidine . Guanine. Histamine 47 %
KRGV EELLESHLRM|, P-alanine. DL-Kynureninefl
Aminolevulinic acid MR REVNEEES, HFELRs, AR
EE6.
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3. AR AR B R EE R,

HAMEE (nsg)  TLAEE HARERE (ns) RGN
Ll RSD Mean RSD kan Mean
Mean ( cps) (%) (cps ) (%) Mean (cps) RSD(%) (cps ) RSD(%)
D-Homoserine 2.44E+03 9.95 2.42E+03 6.97 Alanine 9.06E+06 6.36 2.11E+07 4.55
Argininosuccinic acid 2.7T1E+03 16.91 5.22E+03 5.49 Arginine 1.46E+05 9.26 4.82E+05 2.02
B -alanine 2.67E+04 747 6.52E+04 4.80 Asparagine 2.19E+05 9.53 2.53E+06  2.15
L-Homoarginine 6.14E+03 8.00 6.44E+03 5.83 Aspartic acid 3.39E+06 2.69 6.45E+06  7.38
L-Homocitrulline 4.81E+03 9.49 4.11E+03 4.36 Citrulline 2.02E+06 6.70 4.50E+05  3.66
DL-3-Aminoisobutyricacid ~ 1.37E+04 11.57 4.00E+04 9.67 Cystathionine 6.01E+05 3.62 3.71E+05 7.20
5-Aminovaleric acid 2.75E+05 6.15 3.67E+06  3.00 Cysteine 6.20E+04 5.67 2.35E+05 5.25
L-2-Aminobutyric acid 2.88E+05 8.38 2.25E+05  4.99 Cystine 4.68E+03 9.44 1.10E+04 381
aDl_i-j,G-Diaminopimelic 1.60E+04 0.16 144E+04 9.78 Glutamic acid 1.39E+07 4.18 3.66E+07 5.76
Glutamine 5.68E+06 4.88 6.47E+06 4.24
L-Norvaline 2.34E+06 7.17 8.4TE+06  6.89 Glycine 5 89E+06 6.78 1.39E+07 1.7
D-(-)- & -Phenylglycine 2.19E+03 13.63 1.75E+03 10.17 Histidine 3.99E+05 744 G.10E+05 4.41
L-Norleucine 5.76E+04 8.35 2.87E+05 4.53 Isoleucine 3.59E405 729 1.83E+06 4.73
Taurine 3048407 395 253407 7.19 DL-Kynurenine 1456403 723 138E+05 1137
Hypotaurine 2.10E+03 10.42 1.77E+03 10.42 Leucine 2 55E+06 766 8.66E+06  6.02
DL-Homocysteine 8.69E+03 12.10 2.23E+04 4.83 Lysine 1.47E+05 852 9.06E+05 8.30
Ala-leu o.28E+03  6.07  5.05E+03 480 Methionine 7.40E+05 845 3.84E+06  4.60
sarcosine 10SEx05 ~ 9.60  160E+05  1.71 D-Methionine sulfoxide ~ 7.32E+04 456 170E+05 8.66
3-Methyl-L-histidine 4.68E104 7.3 539E+04 728 N-Acetylasparticacid ~ 1.15E+04  13.73 6.12E+03 10.49
?r;q’zlt;y’ﬁ'y;;]e 122E+405  9.86 148E+05  2.26 Ornithine 598E+04 1271 457E+04 10.38
Asymmetric N o83 ssieis 616 Phenylalanine 1.41E+06 9.05 2.27E+06 4.61
dimethylarginine ’ ’ ) ’ Pipecolic acid 1.02E+04 11.37 6.39E+03  5.72
N o -Acetyl-L-lysine 5.02E+04 8.46 2.02E+04  T7.77 Proline 4.99E+06 6.12 1.79E+07  6.09
4-Hydroxy-L-isoleucine  8.63E+03 8.07 8.74E+03 13.67 Serine 9.34E+05 4.17 3.35E+06  4.49
Prolinamide 3.17E+04 8.44 931E+03 6.52 Threonine 1.57E+06 7.99 5.62E+06  6.56
2-Amino-2-methyl-1- 1.91E+03 1293 8.76E403 756 Tryptophan 6.50E+04 8.23 1.28E+05 12.85
propanol Tyrosine 5.79E+04 920 1.02E+05 9.51
Methylguanidine 5.25E+03 9.99 1.77E+03 15.31 Valine 2.35E+06 858 B8.00E+06 5.47
aminolevulinic acid 1.17E+05 6.19 3.33E+04 7.33 4-Aminobenzoic acid 1.62E+03 12.75 4.50E+03  6.90
3-Methyl-L-histidamine ~ 8.13E+05 335 1.99E+05 9.34 Guanine 1.61E+04 1038 2.20E+04 4.4
2-Aminoadipic acid 1.66E+04 11.35 7.50E+04 5.98 2-Aminoethanol 7.80E+05 817 1.57E+06 6.24
4-Aminobutyric acid 1.07E+06 6.89 6.01E+05 0.30 . :
4-Hydroxyproline 426E+05 1034 3.73E+05 327 :clig TOUPREMBCIC 59303 161 4adEros 826
5-Glutamylcysteine 2.32E+07 8.53 1.30E+07 7.79 Histamine 5.97E+03 6.40 2.76E+04  3.00
5-Oxoproline 1.77E+04 9.64 T7.11E+03 7.36 O-Phosphoethanolamine  6.36E+05 435 T7.88E+06 891
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Bmmine B B R BT o e

g ¥ m ==

Ee. MARRAH AP 7N ERUEMNERE,

BT AERBREAETORA, RN 0 LR
e, R B { OSSR ) - BERRBBBOST, LR, BESTERRWIES
BEREXN, TR R IR AT HRFRIRAE,

T .
- 3 ACfE FISCIEX Triple Quad™ 4500 R G SL T B3 TR A990 AR
g s KRBYILC-MS/MSIITTE, TRFAR. MAHRAE B EA RS
5 i M. WHHRENE, FRAEEREASE, HES E
FEEYRERFHTTRIE, NMXESRUET MDA A& P AR
B, mERBREFUERMES T, ASBESTAEER
RIERTRARIFYNZERRE T RBTENTTE.
x 1 q 1 ]
5. MAARARmPRERFYEENKLE, 1. Casero, R. A., Marton, L. J. Targeting polyamine metabolism and
function in cancer and other hyperproliferative diseases. Nat. Rev.
T4 BESABFARFERNRALEY. Drug Discovery, 2007, 6, 373-390;
E3-1 fEAA 2. Khuhawar, M. Y., Qureshi, G. A. Polyamines as cancer markers :
N Fold Change p.value iy ) )
LEMER hEE applicable separation methods. J. Chromatogr., B 2001, 764, 385-
Cystathionine 0.24103 0.00013145 Down 407;
Histamine 0.2617 0.00036933 Down
. 3. Kevin Guo, Liang Li. Differential 12C-/13C-Isotope Dansylation
Guanine 0.30046 0.0011478 Down
. Labeling and Fast Liquid Chromatography/Mass Spectrometry for
Methylguanidine 0.30888 0.0018332 Down I - fieation of th I |
B -alanine 3.0461 0.0029219 Up Absolute and Relative Quantification of the Metabolome. Anal.
Aminolevulinic acid 2.4787 0.0031365 Up Chem, 2003, 81, 3919-3932;
DL-Kynurenine 2.1398 0.005015 Up
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4. Khamis M.M. et al. Comparison of accuracy and precision
between multipoint calibration, single point calibration, and
relative quantification for targeted metabolomic analysis.

Analytical and Bioanalytical Chemistry, 2018.
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LC-MS/MS'IRIE M E 4 Bl Fp 5 4% & B 57 i 1 T
LC-MS/MS Method for Rapid Determination of Volatile Aldehydes in Cells

pEES
Wang Yang
SCIEX China
Key Words: API 4000™ LC-MS/MS; Tumor; Reactive aldehyde 15min ) EB EEBRESET, 200 LACN &8, B/OFHEEARM,
species; Derivatization 2. BHIRAE:
#4H: Shimadzu LC 20AD*RER 5t
@i, Agilent ZORBAX SB-C18 ( 2.1mm*50mm, 5 um )
LI RIE: 0.3ml/min
SRS SHFBRIAL, BIEKE. DHBHBL. RAH: ESk: MARH0, B2 mM BEBRER; BIRAACN, 22 mM
MR HRRTEE. ARAANREERATHRELER RRBRS%; ESI+: AMEAH,0, 20.1% FB (Formate,
RAENEE, SMREFILRNSRREMARE, TEFETE FA) 5 BIEACN, 20.1% FA
hE. FHEEBEEEHE, £, BRISLS BT PAOE . 40°C

%X, MATE. ZEVCES, #R8 "SUNEEZFRE

SEEEAE, EMEERIRK, M0 L E R S HHE: su
%, SIEREMZHEM, RV

BTSN B RN RRS 5, TEEFTFRBERRT Time (min] %A (ki) %8 (A4 )
W, Tt ad B AR R MR T S — AR T R SR AR ; - "
RAE, BRERNSHELNTATRIELES ., BRABX
SR SEREERRATARS, BEREEAKERSE ! 70 30
MEHHEE, WRALAERS. B, RNEFLCMS/MSH 10 0 100
REG, FRTEBT MBI+ — S RSN T %, 12 0 100
FEHFERB2,4"MHEXMB ( Dinitrophenylhydrazine, DNPH ) 122 70 30
TEBETAELRA, SIEME L R E AL AW TLCMS/MS . . w
S, MTIERLS 1B % WY B AR BOSEE IR AR A .
R = 3. TG S1E:
1. BB M. FUEAHEER . MRM

SR IBARBERERET, FIA180 pL 50% ZBEKR RERAEM, B BYR: BREETR
JIA20 pL NaOHA R, JRIES minf&, JAA20 UL HCIO AR, & BEER, AETEREN (L) FAERSN (ESH)

JEINA200 pL DNPHARAEZER T R4 h, B (20000 g, 4 C, .
S,
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==
B Hi{E TRER:
ISV 5500 /-4500V 1. C1868 B 7 B Ik 17 h) B 5 1L [F
CUR 30 psi
TEM 450°C et .
GS1 50 psi - : 5
T [}
GS2 50 psi . t ’
- |
- |
o |
& - = N # omme| [ M
FKLEHEBLTEYMRMEB FX . CEFIDPSELL _ g \
mal| q 4 I
Analyte MW Preic:l:sor Production CE DP 10| 11* !] [ [ Eﬂ! t [
, i
o3 " e |0IL I‘ll.l 1 ] l.-d m I.I'\I e LT no [E1] II.0 He
Formaldehyde 30.0 208.9 150.9/162.8 -12 -40 R’
Acetaldehyde  44.1 223.1  150.9/162.9 -13  -40 B 11FEALTEYN B EE,
Pentanal 86.1 2649  152.0/163.0 -28  -60

Hexaldehyde 100.2 279.0 151.9/162.8  -30 -50 N LD ETERNROLTEY EEE, WYY

R
Heptanal 1142 293.0  162.8/177.9 -20  -90
Nonanal 142.1 321.1 151.9/162.9  -30 90 1. Malondialdehyde; 2. Formaldehyde; 3. Acetaldehyde; 4.
Methylglyoxal; 5. 4-HNE; 6. Glyoxal; 7. Pentanal; 8. Hexaldehyde; 9.
Glyoxal 58.0 417.1  181.8/233.9 -28  -75
Heptanal; 10. Nonanal; 11. Retinal
4-HNE 156.2 3351  166.9/181.7 -28  -70
Retinal 2844 4653  268.2/3732 34 55
Methylglyoxal ~ 72.1  433.1 250.3 20 60 2. Z1MEER
Malondialdehyde 72.1  235.0  259.0/189.0 29 50 LNFEHEBEASELHEENEM R (r>0.99) , &MHsE
B, RIEAEREKEFRERER (FR2) .
4, ;EEEBERIDNPHETE M F2. WE LR MR iR dh 2
EMBAEMRIER, REME, WEUHRSER, EltE Number analyte Calibration Regression Linearity
HILEIRGFRIIRL, BRERRE. RNXALHTELY range (ng/ml) equation tr
7k, BEME SONPHR N A MR ENFRLED#HFTLC-MS/MS 1 Malondialdehyde 50-1000 ¥=0.00195x-0.0109 0.9978
S, PTEMRRIT . 2 Formaldehyde 10-500 y=0.00308x+0.265 0.9953
3 Acetaldehyde 10-500 y=0.00754x+0.113 0.999
DNPH GIN N'Dz 4 Methylglyoxal 10-500 y=0.000519x-0.00196 0.9975
R-CHO ——m8 5 4-HNE 5-100 y=0.000908x+0.0133 0.998
H+ N'N=h\= R
]:! 6 Glyoxal 10-500 y=0.00716x+0.104 0.9946
7 Pentanal 1-50 y=0.0089x+0.0284 0.9981
o 5o, 8 Hexaldehyde 1-50 y=0.00611X+0.0292 0.9988
\@Q-Nﬂ; 9 Heptanal 2-100 y=0.000524x+0.00158  0.9985
H
. . . 10 Nonanal 5-100 y=0.00662x+0.274 0.9904
DNPH: 24-dinitrophenylhydrazine
11 Retinal 20-500 y=0.00644x-0.0318 0.9934
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3. Bl E

HEBIRK/ARENRENRS, 2358 AEEMNFIAET
B, ZLC-MS/MSIEM, EIE £70.26-90.34 % ( WE2) , =W
4 (n=3) RSD41.30-7.37% ( WE3) .

Il Low
100 3 High
80
£ e
&) 40
20
¢
& N ¥ 4 & > > ¥ > > >
S) S & & &
& & @‘* & f o & Ry e"&’ &
& & &
SR S
B2, 10FR0E MR R A S A R
- Low
8- -8 High
64
[=]
0 4
"4
24
01— T T T T T T T T T T
¢ & > @ N > >
&’4‘\\ s 0\\*6 s Qﬁv 0*&3’ \“b& & > Q\N& e‘&éZ~ 13}&
& » NS
& & o ACAR A
N <© &
@‘b

3. 1170 MR PR A R AT E LM
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ZRSCTESCIEX API 4000™ LC-MS/MS R & E, @i ir4 ik
AIRIRFR S A MBRERALTAY, BT —ENEMEMES
1FEMEERLC-MS/MSIEN T 3% %77k RRZTLTE AR,
BREENNEIRRAEETE, 5 TLC-MS/MSENB L EY
K, BRTLC-MS/MSHEE MY RN A B Z7TXARE
ES, AETHNEERTANgR, HREWERS, EPMRSD <
8%, O] MEYIAMAE P ESE M BT IRE LB o



FEm A=

BB A S S W EITERARNE £ R 52 5% A5 AR ER (SCFA)
Analysis of short-chain fatty acids (SCFAs) by LC-MS/MS coupled

with chemical derivatization

TIXMS, S8, WuE
Hanpeng Jiang, Zhimin Long, Lihai Guo

SCIEXK A FF iy, #HE

Keywords: Short-chain fatty acids (SCFAs), LC/MS, X374

i

Hi

FRHEREANRR (SCFA, 2B, AR, TRF ) REMERARE
Ry, BFEDFEMNERE, HECDTFENEAE
FAOEBEMR, FNAERREKAMRMIEN TEERELERS, RE
HREE, WABTOSBEMRMBFY D, BEEAMIMEER
S, BLQIMQIHHBE T, ARRTIMTEEX D THIEM
BARlE, RS T AN AERE. PR R AR
REEERINAE —ENRE,

i, AXERBRRKASEEULTERARNEENER
SCFAs. ERAELTER A, BMNEEALTEZRMREM L,
BRI ABFRATRNNEHREZTAESFRIAEN, H
PEARNFY, XUFERESHARENERBET, &S
HieW R GEMARE

HiEER

1. BEREMLFESTERAR, TEEBEFREXTRMERE, £7
EEFYT FERESRENTRETF, WEMERRELS
XWX EMRMBF T EAN, AURE THRNREEDRS
BIETE . XBEARE1 LRI T4 M ZSCFAS

2. EPTANHATFERENTUHERE T, TR PRERE
HEMEERE,

faa Rt

AT HFETAEMNRTANN-ZFE1,4-T 8 (DMBA ) ,
R EEAF h2-S-1-FEME#AY (cMP1) =28
(TEA) o

# dn G b 2

MEFARFTAEREN T, WFIRESCFAs, 10pLMMEINA
40 ULZBEMEER, EAXMITUER, HEMRE (4C) Bib
#l, B&E ( 12000 rpm ) Birx10 min, WM EE, NKRFEER.

hETERESENTXRY, REAROT (1), &
BIAEENR T 4 ¥4 100 pLASACNIHHTTE R, IIA10 pL CMPI
(20 pmol/mL) 120 pL TEA (20 pmol/mL)}ES, BEEIMA20 pL
DMBA (20 pmol/mL) #HTHZELTE, BREEEF40 TTL
1400 rpmMREE S ho FRETEME, BEWKT, BRERFM
HEMETENRT, BimldkEREdKREs00EEH#E,

0 CMPI & TEA 0 I
I
N
R)LOH HQN/WN‘ . RJ'LN"'\/\/ ~
40 °C, 60 min H
SCFAs DMBA SCFA-DMBA

E1. SCFASTL LT R
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W ISEE F: 5500 V; SHSRCUR: 35 psi;

N N g5 = HA b = HA

ExionLC™ ADZ Zi+ SCIEX Triple Quad™ LC-MS/MSE %t FHRG6S1: 60 psis B RGS2: 65 psi;
BT IREE A550 C; WIES: Medium

MRMZ 21K 2P 7~ ( SCFA*: EEBFXT)

2. SCFAFIMRMB 3L

ID Q1 Q3 DP CE
AA-DMBA-1 159.1 114 10 17
AA-DMBA-2* 159.1 100.1 10 19
AA-DMBA-3 159.1 72.1 10 21
BA-DMBA-1 187.1 142.1 15 19
B
. BA-DMBA-2* 187.1 100 15 23
®i%4E. Phenomenex Kinetex C18 (100mm X 2.1 mm, 2.6pm)
BA-DMBA-3 187.1 72.1 10 24
8 . Q
Hig: 40°C PA-DMBA-1* 215.1 170.2 20 21
WA 1L PA-DMBA-2 2151 100.1 20 25
REIAE: ANK (20.1%FE., vv) , BAZHE PA-DMBA-3 215.1 72.1 15 26
REE: 0.4 mL/min
*%}#ﬁﬂ—lt eS|
- ARG BT BIE ST
1. SCFAR A BT 2 FAnalystBU I REEIE, SCIEX OSE I R E M SR # 47
o
Time [min] A.Conc [%] B.Conc [%]
0.00 95.0 5.0 eps
XRERE5{TiR
0.50 90.0 10.0
Y : Y3 %
300 . 950 1. ETEEEIEFERE
4.00 5.0 95.0 EpBRBEEANBEFEATHTEN, ATRERHRY T
410 95.0 50 B, HEAF4RESHAARNRAEF, FEXE
SIMBRREEMIMIER S EAEM, BMNFFAEN REFGF, X
6.00 95.0 5.0

AESHTRLTE, FAEWRDOBRY SN HLEES B
REEE, #H—SHENTRIREE, H—FE, KN, 2
AESHENETIORBHEN, FERAGEDRRET, RiEhs
s FHEN, BRBEMER, HTRRINEWNE, AXRALE
BTk, FAME, AR A BN R R e g

BFiE: ESIE; POSIET;
- BB L, tReE eI UEEREFERNTRN, BATHhE

AT MRM FEFHMFMGDE; HX, FTEEYETFHRENEN, F546E
HTESH. FRMEEN, HET4EFYNIREBINE, MAT EREHRER

RUO-MKT-02-15699-ZH-A

146 FRITRIGIERD, FIN LR — SCIEX i1 HF R A E



FEm A=

BB EREZMOEE, BRTHABTENEETRARESN o o e s T m———

8 BESEFOTUSEREEBORABT (H2), B0 | i i e e e e o
TREMA5DaBI R R KR, MUEERETL100M72B M ER BT, A [ 7 o ol Ll (
I, XTFSCFAsHI#&T, SFSCFASHIRIIMRME T4, #iNE3 | i

¥, BFFRSMAMMAE, KAKKBET RS, ATEN | o ISV PRSPt SOVR et BevR
REE, #AESIBTHRYEY, EEANEDEET, &
kAR BR AR R K K B o El4. 0.1 ng/mLIRE TIEL 8 B IEE RIZE M

] o W-OMBA e eme— a2
‘ |5 R 3
° g’u‘"""‘v"‘-.-r. L H , x_:
RJLE*‘/:\V"-‘"\ ' SCFA-DMBA =
u __-____-________-_ : A DAAA e L -
o azco § . ' ic AR pensoceondc R Hoant-opa A
"AQ@‘ | !"L'I'ID uk\ ML 45 E- I:‘,'\, e o ans [ET— -
SCFA-DMBA ilm L d‘n - N <
C E3.ZE, TE, AEMOEEE, SEmLREEEE
B2, £7 4 (b = 7E ikt th R R AR
2. [MRABSCFAsER
M2 (AA) , TER(BA)FIXER (PA) A, S AM/NR ;-?.-.-,-5'~=-_~—_--.-.- eSS N S S
WIEBIHHTE, GEE, Ml = |- | & E N T
- 2 - .
FASCFASZ M RTF, >0.99, 0.1ng/mLKE FTEESRRSDII/NT =L § - S | | S . -
R — s i e ————— rmie g 2 At s e S —t—
5% (3.6% ) RRBFEBEEMEFT, ZHRE (0., 1071 |2 1 suas TN ——— | e
200 ng/mL ) TRMEZESS.0%E111.5%2 8, EEUFABER ,P - REARE 'y i
17, MFEFFT. FANTZH, TRAIRBOTETRANY  |pehecesine  pomdrasiem s pomms s
0.01, 0.05%10.1ng/mLo 2 f] Avoums 2|l snoves E on s
“ 8 ik ' 2
RYNMAFRE, MARNROEA=FMsCRATTRE | “ttmmrees | St | S

S, EIEENESHR, MEFHFES000015E, MATRME,
REFEAEL pLRI A B M3 R AISCFAs, TTATREMRHF
SCFAsEIE M . /e EB/NRAAME F=FSCFA, REFE120.5
£490.2 mg/LSEEA, R4

Bs. tofef, NRAMAMRHZER, TR, KBRITEFNEIEE

R3.Z8, TH, KBHOL0Q, HFHEMEEM

Linear range LOQ Accuracy (ng/mL, %) Repeatability (RSD%, n=8)
ng/ml ng/ml 0.1 10 200 0.1 ng/mL
Acetic acid-DMBA 0.1-200 0.01 1115 97.4 100.7 2.7
Butanoic acid-DMBA 0.1-200 0.05 85.0 113.4 99.1 36
Pentanoic acid-DMBA 0.1-200 0.1 107.7 99.4 97.2 36
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KA NFAAMEHRZER, TR, KBRRE
A3 (mg/L) PRI (mg/L)

Acetic acid 484.8 490.2
Butanoic acid 104.5 120.5
Pentanoic acid 158.3 173.4

Zig

AXZFARIRIBEARLRELTENT R, WU T EDERF
BISCFAs, ZAALTAN R, REES, RE, ENT. ¥T&
MSCFAs, {XAARE 1M KRN oI 480 H R ASCFAs, /FHAT]
iz AT REEYEAR——TCL T M BE—— SCFAsHIE

SEH

1. HuangV.Q.,WangQJ., Liu J.Q., Hao Y.H., Yuan B.F., Feng Y.Q.,
Isotope labelling - paired homologous double neutral loss scan-
mass spectrometry for profiling of metabolites with a carboxyl
group, Analyst, 2014, 139, 3446
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R B BB KB & E BT PR RS

Determination of Plant Hormones in Plants by Liquid

Chromatography Tandem Mass Spectrometry

Rets, SR, BE8, BIE
Chen Jinmei, Si Dandan, Long Zhimin, Guo Lihai

SCIEXKZ A 50y, H1[EF
SCIEX, China

Key Words: Plant Hormones, Liquid Chromatography Tandem
Mass Spectrometry, ABA, SA, IAA, JA

it

Hi

HEMHE ( Phytohormone ) TRFREHI R A M Z SUEY IR
£, 2 ARRFEENHE, ERRETSZMAEELRNFN
MR, EMNBEATRLELEN/NDFENLEY, EeNaEE
BMEHEEELR. 2. NEHARNSH. HEK. 2MEEmE
EMEST. R, FE. &L, KERAOBES, FrRUEmREX
EYNEKXEREZNERER. BalBTHEYRERNNT
RNEMSH REITE. BERERMAE, AEARSESER
SHFEREMR; BB TR, RO EL. TotmBdk
FRMNREENFFHER, TEBREDERNEDRRKERN
BK; SEEEERRLERETENRE, REE T RERE
FEESNREE. B4, EHRMNESEMN, EEAEDER
BB F N

FXERFERR

AXEARBEERKREESHER (ABA) , KB
(SA), BIRZER (1AA) FRFER (JA) #HITRRN, TEEEN
THER:
1L UHENREES, HEEYRBRPEDHRONFE R,

2. (NERMITENF RS, o minfVTTARI S ERES, WK

=]

=lo

RUO-MKT-02-13364-ZH-A

3. EASMEYRNRIRERIEARIE, AREEEDHT, &
FBFIFR A 2 T A it TR S BN E

B E
V2
®IE4E. BEH C18 100A (100 x 3.0mm, 1.8 pm)

SRENHE: AME: 7K (0.001mMolZE %% )
BHH: ZIE

SRIR: 0.3ml/min
#H8: 40°C

R 2pL
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F1.HEHE
Time Flow B
0.3 0.3 5
35 0.3 65
45 0.3 65
5 0.3 95
7 0.3 95
7.1 0.3 5
9 0.3 5
V:3- V2
BYRE: ESUR, ABEFER
BTRSH:
ISEL[&:- 4500 V SH S CUR: 35 psi

E S GS1:50 psi BN 6S2: 50 psi

Ri#E S CAD: Medium JEE & TEM: 500 °C

R2. LEMHRESH

O Mass (Daj | 03 Mass (i) erall/Tina 1] P jealis) CL fwolts)
mEec)
1 23200 153200 00 ABA, 40,000 14.000
Fi ol 1] 155100 0 ARA 6 =411 () A4 (00
J 172N HlIKG W oA 40.K0 FaAllfi]
4 141 100 7 00 0 LA 04 =411 () =23 (00
E 10000 130900 w2 s <) 43000
B 176000 132100 00 LA 09 30,000 13.000
7 AE A0 4 M0 0 A 35 (0 A5 (00
1 240 |61 BT S8, 75 BT | 150
==
SCIRHER

1. &MEE: FAs50 %FERZERFHEEABA. D6-ABA. SA. D4-SA.

IAA. D2-1AA. JA. D5-JABIARAE TIEE KR E1-200 ng/ml, MIEME

FUELEST R EMARE k. B2 MLY% ESER. &t
FHRRMEXRE,

RUO-MKT-02-13364-ZH-A
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Wy = an m
1 ] | 14 e ]
L | i 0 ﬁ an
) e |
w L 4 II. - ﬁ .
p PV O
| '3 Y =
LI \ :hT"—"" il *L\j_# .
n_ £l e
I8t K | " »
1..*"' M al ' %
0N E R ] TR TALn
Trr Fom e T [

E2. LLOQIRE T & R B«

2. LLOQHIEMM: FITHIEAMLLOQAR, HENT, NELE
R TFoRo ABA. SA. IAA. JAEI/MELAHILLOQS 540.01
ng/ml. 0.1 ng/ml. 0.2 ng/ml. 0.1 ng/ml, EERHAEIN M
RSD%%3 5 497.88%. 2.98%. 4.94%. 4.82%, EINLMLL,

3. EYRMAEPEMAROSEMNE: ERREEBUEAN B
TRBUR EHED AT, ERRIRAITEERTS % LERINFK3FT

o

R3EVRBRTEVHEENEENEER

Sample Name ‘ Coﬁgﬁ::nt ‘ Area ‘ 15 Area | E[‘;‘:’]t:;l;;zgn ‘

g ABA 4750016 B5282.0 10.947
B S E26808.2 2BET1E8.1 13917
B 18, 7725 |2821.9 0.9e2
B JA 544832 54200.9 213
RRE ABA, E97ES5.1 E3755.8 16518
BRRE S 24027537 31997605 58.470
RRE 18, 109267.5 M3 16.291
BRE JA 1328498 49523.3 5.883
] CoL_3 ABA, 21154E.3 544433 5797
] CoL_3 S 4052759.0 | 36585788 88.336
] CoL_3 18, 340410.3 309475 £1.243
I CoL_3 J& BE9798.9 370772 34,335



FEm A=

B4

AXEN T REBERKREENEEDFNEYRE, 7
EREES, RER (ABA) , KK (SA) , BIRZE (1AA)
FEFR (JA) IMEEPILLOQH HI40.01 ng/ml. 0.1 ng/ml.
0.2ng/ml. 0.1ng/ml, T HREYPEMHZNRNE R,
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AR BIG B BX BT A N E 15 MR A= A5

Fifteen Plant Endogenous Hormone Components Were
Determined Using Liquid Chromatography Tandem Mass

Spectrometry
Beis, A, AR, BUE

Chen Jinmei, Si Dandan, Long Zhimin, Guo Lihai

SCIEXZ 50y, HE
SCIEX, China

Key Words: Plant Endogenous Hormone, Liquid Chromatography
Tandem Mass Spectrometry, Auxins, Gibberenllins, Cytokinins,

Abscisic acid

pry 5

1

[}

HEYEZ ( Phytohormone ) FRREN R AR EZDED A
BHE, B—BRABTENHR, ERRETSZWAEETRE
HENIR. BRIERZERVANARLNBEAZEEYEK
%% (auxins) . FR"EZZ (gibberenllins) . AP HEK

( cytokinins ) « Z¥% (ethylene ) . FBtS%ER ( abscisic acid ) . i AT
FEKEEE ( brassinosteroids ) » HAAEKE. FEX. @K @I+ Phenomenex Kinetex F5 (100 x 2.1mm, 2.6 ym)
AR, MERSEBETERKEHRN, RERMZERETEKIG SEhtE. AME: 7K (0.01%ZF ) BHE: ZBE

o BRAKRKHMEZI, HERBERMELINT Kb ZFxI1E
VEKRERREEBONYR, MEEk. XK. KBRS,

SRIE: 0.35ml/min

BRTBTHEYBRZRNNTRE RS REDIE. B R ERK Hig: 40°C
DR, TERGESERSUIARER; NEBFHE. % SRR 2,1
SRR, THRBAFRNREENRRMR, THEHL
EYGEREMEZKERNER; SHEeEEEREEEENE R BARRE
g1, RBCERHREEEESNREE. HRN. AHM Time Flow B
MESH, EEAEDEREDEENEN, ) 0 .
N 8 0.3 95
1)(3%&% 9 0.3 95
SCIEX ExionLC™Z S+ SCIEX Triple Quad™ 75005 4t 9.1 03 5
11 0.3 5
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B s% s 7.
BTIR: ESIR 1 BMEE: Fso %FEBEARELMAYNIRE TIERRE
TR ETUER REREM RS, NEERREMTERS, F30150

ML MSEE, AL TR R,
ETESH, HEDNEMSEE, Bl A%MATREMEXERELR

ISEE/E:: 2500V (POS)/1750 V(NEG) &S CUR: 40 psi

F1LR GS1: 25 psi EEBNINFAR GS2: 60 psi
W #ES CAD: Medium JERE TEM: 500 °C

T2 LAV RIESH

Compound Q1 Q3 CE
IAA_1 176.1 130.1 21
IAA_2 176.1 103.0 40 E1. 15 ML &AL
MeJA_1 225.2 151.1 19
MeJA.2 2252 e 2 2. REEMERMY: TOHEADLOGER, HHAMT, 15ML
TR 2022 1oL “ AYLLOQRERMEERNERN I TR, BT,
TZR_2 352.2 148.0 32
zIP 1 2040 1360 2 3. LOQIRE T EIL MR
2-1P_2 204.0 119.0 46
IBA_1 204.0 158.0 28 Compound § GI%!I-':gD Compound % G;ggD
IBA_2 204.0 144.2 31
ABA 1 263.1 1532 18 1AA 10pg-10ng 6.88 JA 50pg-10ng 4.58
ABA_2 263.1 204.1 26 MeJA 100pg-10ng 5.89 GA7 50pg-10ng 8.13
SA 1 137.0 93.0 21 TZR 10pg-10ng 4.18 GA4 50pg-10ng  7.02
SA 2 137.0 65.0 37 2-IP 10pg-10ng 4.07 MT 10pg-10ng 4.8
GA3_1 345.1 239.2 -20 IBA 50pg-10ng 8.43 CK 10pg-10ng  4.46
GA3_2 345.1 143.1 -35 ABA 10pg-10ng 6.47 Tz 10pg-10ng  3.38
JA_1 209.0 59.2 -16 SA 100pg-10ng  6.09 ICA  lopglong  6.69
JA3 209.0 41.0 -50 oAz 10pg 10ng .
GA7_1 329.2 223.2 -25
GAT7_2 329.0 211.2 -35
GA4-1 3311 2432 26 3. EYRBAPEMBZIHESENE: B 2ANEYHER,
GA4-2 331.1 213.1 38 MEEMR, KIS0 mgHER, MAL mIBEE-K-FERIERAZ
MT_1 231.0 216.1 20 REL, RMERES, #8510 min, E4EE/0112000 r/mingil
MT_2 231.0 144.0 -36 10min, B EFREEZAETEIEAT, FH100 plfyg0% R
CK_1 224.0 133.0 -28 EARER, do22 ymBELETEsHENMNEF, Hahe
CK_2 224.0 106.1 -45 TE 10FEY) IR R
TZ_1 218.0 188.0 21
TZ_2 218.0 134.0 -24
ICA_1 144.0 115.0 -37
ICA_2 144.0 126.0 -31
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T4 EVRBRTEVHRNSENEER

e 2E
IAA 150pg/ml
MeJA 4ng/ml
TZR 150pg/ml
N-6DIA 25pg/ml
ABA 5.5ng/ml
SA 206pg/ml
GA3 5.1ng/ml
JA 30ng/ml
MT 3ng/ml
ICA 950pg/ml

B4

ALY AR & R B BUE R E AR T 89 15 MR IR
RO, TTERYES, THRBEMTEYRZNRNETR, HiE
YIMERNERTTES %

RUO-MKT-02-14422-ZH-A

154 fRITRIGIERD, R E AR — SCIEX i1 HF R A E



FEm A=

SCIEX i tH & ik B8 BX Bt A Xt /N 22 B A 183 MK i 4 it 1 T3 4R

KA FS

Targeted-metabonomics analysis of 183 metabolites in wheat

seedling by SCIEX Liquid Chromatography-Tandem Mass

Spectrometry

®HZ, BEE, 58
Pengyi Hou, Mengging Xiao, Zhimin Long

SCIEXZ A 50y, HE

Keywords : SCIEX LC-MS/MS, Targeted-metabonomics, Wheat
seedling
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RiFAEZ ( Metabonomics ) EEMREMERSAREZE N
M AONE. fEK. SER. RERSFLIINDFREYAS
REMESTHY, BYRBEERBEYTEYNERKELBEEERE
Ao EYHRRIEYBIE 2005, FESEVENENNEKELS
PR RIRNE KRG, TR T BRI E RN SEY R
MR RBVIARERETY, N EDRHEY*TITE+0
DB,

BL[a) ISI2H S (Targeted Metabonomics) 2 RIHAZEH R E
BHEY, hREREARRNEHRSHE, BN TE2REH
S E, BaREEITERERER, RIRSESTEE
AERZNEA. EafREAZTMAT. RIEFFEEaREGH
SLWREMARY; #TETRENRRIMEIR, SR ERE
W, MRREED, EERHEAESTRINNXBREZER
E. SRENTEN. EEafiHEE—BRA=ZEMRT LC-MS/
MS RGt L A% RN (MRM) #1TEEE MS/MS. MRM 2347/
HEEMNEFEAL, REaREE. FRUFNES, TU~4
MEFNEAET, TNEEERERTHN B R EWHTIENA

/EEO
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AR EAF S PRI TripleTOF™ 6600+ R G2 4§ /N E
PR TRAMER £, FEHEIET —FLC-MS/MSTTE, AD
. ERBFRNENERT, /NEEP183F KB
MMEIREENMT. BRERP, ZAZTEMT, REES. B
EMET

il om A R &

HERTERRGFA/NEEFERR, MAZEEK (1:1) BEBER
1ml, JRHES min, 15000 rpm &5 minfg, B_EER, EEHED
*EO

S
BIEAE . Waters ACQUITY UPLC HSS T3 (100 x 2.1 mm, 1.8 pim)
RANAE: AK (EH0.01%FEK ) B: 25
IR : 0.3 ml/min
iR 50°C
HERATR: 2l
BB &AM
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Time (min) A (%) B (%) ISR
0 100 0 EEFEATEEREAYNRERE FRELEL HEFIE
0.5 100 0 AT EBERUEDRRERE FRELE2.
10 60 40

e D 7 | T B et | 00 Y O T W -

18 5 95 =l

27 5 95 -

27.1 100 0 -

30 100 0 I =
- |
.. -:' L .!I' L Vg I;
V-3 ‘—L‘*‘-" o e i e

BTR: EREEE (ES), ERETIHRER
TR sSMRMZ R EE

B ) EZEEETEATEBERCEYNERSTRE

MRM#&E O (MRM detection window): 100 sec e e
S5 (CUR): 40 psi BB (S): 5500V(+)/4500V()

P#GEE (TEM): 500°C F4S(GS1): 50psi ”

WIS (GS2): 50psi B (CAD): 9 b

EFEEHE (DP): 80V ANBEE (EP): 10V 1 :

WEMH OB E (CXP): 10V REIESE (CE): 35V : .

SMRMZ#L. N1 .' l_ oAb sl

E2. hEEAEFEATEBERLEMNERE T RE

RLNEHED DL

Component Name Q1 Q3 Polarity Component Name Q1 Q3 Polarity
Spermidine 146.17 72.08 POS (S)-ibuprofen 207.14 91.05 POS
Arg 175.12 70.07 POS 3,4-dimethoxy-benzaldehyde 167.07 95.06 POS
GLUTAMINE 147.08 84.04 POS Dihydrocapsiate 309.21 109.10 POS
L-alanin 90.06 44,05 POS benzene-1,2-diol 111.04 57.93 POS
DL-threonine 120.07 74.06 POS Olivetol 181.12 105.07 POS
Pyroglutamic acid 130.05 84.04 POS Saccharopine 277.14 93.07 POS
Glutamic acid 148.06 84.04 POS (+)-(S)-dehydrovomifoliol 223.13 191.00 POS
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High sensitivity quantification of acylcarnitines using the

SCIEX 7500 system

Mackenzie Pearson
SCIEX, USA

Carnitine and acylcarnitines play an important role in the
trafficking of fatty acids from the cytosol to the mitochondrial
matrix with the additional responsibility of keeping the balance of
CoA and acyl-CoA levels within the cell. Acylcarnitines are
acetylated forms of L-carnitine produced from carnitine
acyltranferases. These acyltransferases cover the entire range of
fatty acid lengths, and depending on their chain length
specificities, can be found in different tissue types.’

In many laboratories across the world, acylcarnitines and related
molecules from a variety of sample types are quantified to
investigate metabolic conditions, such as organic acidemias and
fatty acid oxidation defects.? They have also been investigated
as potential biomarkers for Type 2 Diabetes and other related
conditions.® Whole blood from dried blood spots (DBS) is most
commonly analyzed during screening, however, plasma, serum
and urine are other common matrices used for analysis.

Carnitines and acylcarnitines vary in their hydrophobicity,
ranging from small, polar carnitine to acylcarnitines with very
long acyl chain lengths. This variability poses a unique challenge
for chromatographic method development. To overcome this,
chemical derivatization techniques are often needed to aid in the
retention of these compounds on a reverse phase column.

The detection and quantification of acylcarnitine compounds can
be challenging since many species occur as isomers and are

5e7

acetylcamnitine octanoylcarnitine

sovalerylcarpit |Fe
L-carnitife

Intensity, cps
[#5]
i

propionylcamitine |

1e7 butyrylcarnitine | ||

found at very low concentrations in biological samples. Here,
several acylcarnitine compounds were quantified in matrix, using
diluted standards and the SCIEX 7500 system. Linearity, lower
limits of quantification (LLOQ) and dynamic range were
characterized and the sensitivity and reproducibility of the SCIEX
7500 system were evaluated. These experiments were
performed without derivatization and with minimal sample
preparation to quantify these low-level analytes in a biological
matrix.

Key features of the SCIEX 7500 system for
the quantification of acylcarnitines

¢ A high-throughput LC-MS method able to quantify
acylcarnitine species

* A highly sensitive method that does not require derivatization
of samples before analysis

e A robust method with high sensitivity and reproducibility and
broad dynamic range (LDR)

palmitoylcamitine

i’

myristoylcarnitiﬂwe
]

Time, min

11 13

Figure 1. Extracted ion chromatogram (XIC) for 8 unlabeled acylcarnitine compounds.
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Methods

Sample preparation: Labeled and unlabeled standards were
purchased from Cambridge Isotopes (p/n: NSK-B-1, NSK-B-US-
1). The unlabeled standards were serially diluted from stock
solutions to concentrations ranging from 1:50 to 1:1,000,000.
Labeled standards were spiked in at a 1:100 dilution across all
samples.

Ten pL of Wistar rat plasma was extracted using 490 pL of 80:20
methanol:water and then vortexed. The samples were spun for
10 minutes at 15000 rpm. An insert vial was loaded with 150 pL
of supernatant and 1 pL was injected. Triplicate injections were
analyzed.

Chromatography: An ExionLC system with a Phenomenex
Kinetex column (C18, 2.6 ym, 150x4.6 mm; p/n 00F-4462-E0)
was used to perform the separation. The total run time was 15.5
min. A 1.0 pL injection was used. Table 1 shows the
chromatographic gradient used.

Table 1. Chromatographic gradient.

Time (min)  Flow (uL/min) B Conc (%) B Curve
3.0 600 15.0 0
3.5 600 75.0 0
11.0 600 99.0 0
12.5 600 99.0 0
13.50 600 15.0 0

Mobile phase A: 99:1 water:methanol with 0.1% Formic Acid
Mobile phase B: 1:99 water:methanol with 0.1% Formic Acid

Mass spectrometry: Samples were analyzed on the triple
quadrupole version of the SCIEX 7500 system using the
Scheduled MRM algorithm in the positive ion mode. Table 2 lists
the source conditions for analysis.

Table 2. Source conditions for the SCIEX 7500 system.

Parameter Value
CUR 45
CAD 10 (medium)
Temp 475

IS 1400
GS1 45
GS2 70

RUO-MKT-02-13839-A

Data processing: All data were acquired and processed using
SCIEX OS software 2.1.0.

Quantification results

Figure 1 shows extracted ion chromatograms for 8 unlabeled
acylcarnitine compounds in diluted 1:50 neat solution.
Compounds ranging in size from L-carnitine toand short-chain
acetylcarnitine, to medium-chain octanoylcarnitine, to long-chain
palmitoylcarnitine in neat solution at the 1:50 dilution, to highlight
the optimized separation.

Next, the standards were diluted into extracted rat plasma across
a broad concentration range to determine the sensitivity of the
method. Lower limits of quantification (LLOQs) were calculated
for all 8 analytes. Table 3 lists all LLOQs for each standard in the
assay. The MRM signals observed at the lowest concentration
analyzed for 4 of the analytes are shown in Figure 2. These are
integrated peaks for the 1:1,000,000 dilution of the unlabeled L-
carnitine, acetylcarnitine (short-chain), octanoylcarnitine
(medium-chain) and myristoylcarnitine (long-chain) compounds.
While the 1:1,000,000 dilution was the final point in the
calibration curve, the response from some analytes in the assay
suggest that quantification at even lower concentrations might be
possible.

In Figure 3, 5 analytes that exhibited 4.5 orders of linear dynamic
range (LDR) are shown. The LDR value for each analyte is
shown in Table 3. These values were calculated for each analyte
based on 3 replicates at each dilution, ranging from 1:50 to
1:1,000,000, of the stock solutions of the commercially available
standards.

L-carniting Acetylcarnitine
tam lews

- |

ml
| i -l
|

sa | 3 o

Oclancylcarnitine Myrisioylcamiting

Figure 2. MRM chromatograms for the 1:1,000,000 dilution point in
the concentration curve. Examples of the signals obtained at the lowest
concentration measured. Signal was generated at the following
concentrations: 152 pM L-carnitine, 38 pM acetylcarnitine, 7.6 pM
octanoylcarnitine and 7.6 pM myristoylcarnitine.
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Figure 3. Linear dynamic range for several acylcarnitine
compounds. Selected compounds exhibited 4.5 orders of linear
dynamic range. Note that wider LDR might be possible for some
compounds, as detection at lower concentrations is possible based
on observed signals.

To assess reproducibility and robustness, 3 replicates of
carnitine and acylcarnitines at their respective LLOQ
concentrations in matrix were analyzed. A summary of the
accuracy and %CV results is shown in Table 3. The
reproducibility observed at the LLOQ was <6% across all the
analytes, indicating strong reproducibility. The LDR observed for
some analytes was 4.5 orders.

Table 3. Calibration curve statistics. The observed LLOQ, accuracy
and %CV at the LLOQ and LDR of the calibration for acylcarnitine
compounds in matrix is reported.

Name LLOQ* (pM) Accuracy %CV LDR
L-carnitine 152 106.51 5.88 4.5
acetylcarnitine 38 107.13 5.67 4.5
propionylcarnitine 16.2 113.43 3.81 4

butyrylcarnitine 76 119.45 0.94 3.5
isovalerylcarnitine 16.2 92.98 0.44 4

octanoylcarnitine 7.6 119.31 2.2 4.5
myristoylcarnitine 14.13 91.46 3.87 4.5
palmitoylcarnitine 15.2 99.8 4.45 4.5

*calculated concentration from calibration curve

Next, the endogenous levels of carnitine and acylcarnitines in 10
WL of extracted Wistar rat plasma were assessed. In brief, this
plasma was diluted 1:20 utilizing a simple sample preparation,
without derivatization or SPE extraction was employed, and 1 pL
of plasma was injected on the column. Table 4 illustrates the
sensitivity of the SCIEX 7500 system using this minimal
extraction protocol. The concentrations of each acylcarnitine
compound range from low pM to high nM and provide excellent
reproducibility in a biological matrix.

RUO-MKT-02-13839-A
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Table 4. Concentration and %CV for endogenous acylcarnitine
compounds in extracted Wistar rat plasma.

Name Concentration (uM) %CV
L-carnitine 0.8085 2.11
acetylcarnitine 0.7183 4.61
propionylcarnitine 0.0956 5.91
butyrylcarnitine 0.0879 8.89
isovalerylcarnitine 0.0067 1.52
octanoylcarnitine 0.0007 2.12
myristoylcarnitine 0.0033 2.44
palmitoylcarnitine 0.0131 6.32

Conclusions

e The SCIEX 7500 system can quantify acylcarnitine species

using LC-separation, yielding a high-throughput, robust and
reproducible method that does not require derivatization of
samples before analysis

e The SCIEX 7500 system provides unparalleled sensitivity and

could be utilized to quantify other low-level acylcarnitines that
are present in biological matrices without the need for
extensive sample preparation or derivatization

Since the SCIEX 7500 provides greater depths of sensitivity
using plasma, researchers could further dilute the sample or
require less sample for extraction, allowing consideration of
alternative sample types for analysis.
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Separation of hexose phosphate isomers using differential

mobility spectrometry (DMS)

Separation of five hexose phosphate isomers using the SelexION device on the QTRAP 6500+ system

Catherine S. Lane', Denise Mehl?, Arno van Rooij?, Alain J. van Gool®, Richard J.T. Rodenburg?, Dirk J.

Lefeber®, Marek J. Noga®

'SCIEX, United Kingdom; 2SCIEX, Germany; *Translational
Metabolic Laboratory, Radboud Consortium for Glycoscience,
Radboudumc, Nijmegen, The Netherlands

Sugar phosphates are important metabolites in many
biosynthesis pathways including glycolysis, glycogenolysis and
biosynthesis of nucleotide sugar building blocks for glycosylation.
As such, the determination of their abundances is of key
importance for quantitative metabolic profiling experiments and
investigation of some metabolic disorders such as congenital
disorders of glycosylation (CDG) and defects in glycolysis and
gluconeogenesis."? However, analytical measurement of these
compounds is far from trivial due in part to the presence of
structural isomers with similar MS/MS fragmentation patterns. In
addition, their highly hydrophilic nature makes their separation by
conventional reversed-phase HPLC highly problematic.® Here,
differential mobility spectrometry (DMS) was employed for the

Intensity
w
3

Intensity

Time, min

Figure 1. LC-DMS-MS/MS analysis of mixtures of hexose phosphate isomers
(200 pg/mL) in the absence of chemical modifier, using the generic MRM 259->79
with 33 settings of CoV spanning the range 6.2 to 12.6 V. SV = 4100 V, resolution
gas = Medium. Each colored trace shows the MRM 259->79 extracted ion
chromatogram at a different value of CoV. (A) Glc1P, Man1P, Fru6P; (B) GIc6P,
Gal6P.
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separation of five isomeric hexose phosphate isomers
glucose 1-phosphate (Glc1P), mannose 1-phosphate
(Man1P), fructose 6-phosphate (Fru6P), glucose 6-
phosphate (GIc6P) and galactose 6-phosphate
(Gal6P).

Key features of DMS for
distinguishing hexose phosphate
isomers

e The analysis of hexose phosphates is challenging
due to their isomeric and highly hydrophilic nature

o Differential mobility spectrometry using the
SelexION device allows near-baseline separation of
Glc1P, Man1P and Fru6P; and Glc6P and Gal6P
without the use of chemical modifier

e When all 5 isomers are analysed together
separation into three groups is observed:
Glc1P/GIc6P, Man1P/Gal6P, Fru6P

e The introduction of chemical modifiers into the DMS

cell maximizes the possibilities for isomer separation

e 1-Propanol chemical modifier enhances separation
of Man1P from other isomers at the expense of
reduced resolution for Glc1P and Gal6P
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Methods

Sample preparation: Isomeric hexose phosphates were
purchased from Sigma-Aldrich as disodium salts. They were
diluted in 10 MM ammonium bicarbonate, 20% acetonitrile in
water or 10 nM ammonium bicarbonate in water to
concentrations of between 2 and 200 ug/mL for infusion or LC-
DMS-MS/MS analysis. Compounds were analyzed both
individually and as mixtures.

SelexION device conditions: Experiments were performed
using a QTRAP 6500+ system equipped with a SelexION device
(Figure 2), the fundamental properties of which have been
described elsewhere.*® The DMS cell was mounted between the
sampling orifice of the mass spectrometer and the ion source.
The temperature of the DMS cell was maintained at 150°C, with
nitrogen curtain gas operated at 30 psi. Resolving gas (nitrogen)
was employed to enhance the separation of the isomers. The
DMS cell was used both with and without chemical modifier (1-
propanol) added into the curtain gas flow at 1.5% (mole ratio).
For DMS infusion experiments, samples were infused at 7
pL/min in 10 mM ammonium bicarbonate, 20% acetonitrile in
water. Separation Voltage (SV) was stepped between values of
0 and up to 4200 V. At each value of SV, compensation voltage
(CoV) was scanned over values in the range -80 V to +20 V. At
each value of CoV, full scan linear ion trap CID MS/MS data
were acquired for the sugar isomers. The resulting plots reveal
the optimal CoV at which a particular ion is transmitted through
the DMS cell at a fixed value of SV. After determination of
optimal CoV values for DMS-separated isomers, CoV values can
be fixed to allow the selective transmission of individual isomers
in a mixture.

LC conditions: Multiple reaction monitoring (MRM) transitions
were optimized targeting fragment ions either common to all 5
hexose phosphate isomers, or unique to/predominantly found in
one or a subset of the isomers. These MRMs were used to
explore DMS separation on an LC timescale. A SCIEX ExionLC
AD system with a Phenomenex Kinetex F5 column (2.6 pm, 100
x 2.1 mm) at 30 °C with a gradient of 2% to 20% mobile phase B
in 1.8 min (total analysis time 6 min) was used at a flow rate of
300 pL/min. Mobile phase A was 10 mM ammonium bicarbonate
in water and mobile phase B was 10 mM ammonium bicarbonate
in 80% acetonitrile, 20% water. The injection volume was set to
10 pL.

RUO-MKT-02-14374-A
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Figure 2. Configuration of the SelexION device. The DMS cell is
mounted in the atmospheric region between the ion source and
sampling orifice of the mass spectrometer, allowing the user to easily
install the DMS device in minutes.

DMS separation of hexose phosphate
isomers by infusion

DMS-MS was employed for the analysis of deprotonated
molecules of Glc1P, Man1P, Fru6P, GIc6P and Gal6P, with and
without the presence of 1-propanol chemical modifier. The
controlled addition of 1-propanol vapor in the DMS cell induces
different shifts in optimal CoV for individual isomers, resulting in
separation in CoV space that can be orthogonal to the
separation obtained when no chemical modifier is employed.
Isomers were analysed both individually and as mixtures.

Without modifier, baseline separation of Glc1P/GIc6P,
Man1P/Gal6P and Fru6P was observed. Only partial separation
of Glc1P from GIc6P was observed, and Gal6P behaved
similarly to Man1P (Figure 2). With 1-propanol modifier,
separation of Glc1P/Gal6P, Man1P, GIc6P and Fru6P was
observed, but Gal6P behaved similarly to Glc1P (Figure 3).
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Figure 3 Separation of hexose phosphate isomers in the absence of Figure 4 Separation of hexose phosphate isomers in the presence
chemical modifier. Isomers were infused individually at 2 ug/mL (A) or of 1-propanol chemical modifier. Isomers were infused individually at 5
as mixtures at 5 ug/mL (B & C) using SV = 4100 V; resolving gas set to pg/mL (A) or as mixtures (B & C) at 5 pg/mL using SV = 3750 V;
High. resolving gas set to Medium.
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LC-DMS-MS/MS analysis of hexose
phosphate isomers

LC-DMS-MS/MS was used for the analysis of hexose phosphate
isomers individually and as mixtures. Experiments were
performed in the absence of chemical modifier; SV was set to
4100 V; resolving gas was set to Medium. For initial
experiments, the MRM transition 259->79 (common to all
isomers and corresponding to the parent ion to PO3- fragment
ion transition) was monitored using 33 different values of CoV
spanning the range 6.2 V to 12.6 V with a step size of 0.2 V. The
hexose phosphate isomers, chromatographically
indistinguishable under these conditions, could be separated in
CoV space (Figures 1 and 5).

The specificity of the LC-DMS-MS/MS separation for Glc1P,
Man1P and Fru6P was calculated by observing the amount of
non-specific, or breakthrough, signal for the generic 259->79
MRM transition at optimal CoV values for each of the three
isomers during single-isomer analysis. Non-specific signal is
reported as the area of any breakthrough peak as a percentage
of the MRM peak area at the isomer’s optimal CoV (Table 1).

4.5e4

HexoseP 97 COV 7.6 / 1.54

A 1.8e5
1.6e 4.0e4
1.4e5 3.5e4

1.2e5 3.0e4

1.0e5 2.5e4

Intensity
Intensity

8.0e4

N
HexoseP 79 COV 9.8/2.82

2.0e4 I

Table 1. The specificity of the LC-DMS-MS/MS separation of
Glc1P, Man1P and Fru6P. Non-specific signal observed for the
MRM 259->79 as peak area percentage of signal observed at
optimized CoV for LC-DMS-MS/MS analysis of individual isomers.
SV =4100 V, resolution gas = Medium.

Fru6P
CoV11V

Glc1P
CoV7V

Man1P
CoV 9.2V

Glc1P 200 ug/mL - 0.11% 0.07%

0.29% - 0.02%

0.16% -

Man1P 200 pg/mL

Fru6P 200 ug/mL 0.08%

c N
2000(“ h‘ HexoseP 79 COV 11.2/3.66
Il

15000

10000

Intensity

6.0e4 1.5e4

4.0e4 1.0e4

5000

2.0e4 5.0e3

0.0e0

0.0e0

E 14000y
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Intensity
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N
| HexoseP 79 COV 10.2/3.06

2000

Time, min

Time, min

Figure 5. Determination of optimal CoV values for LC-DMS-MS/MS analysis. LC-DMS-MS/MS analysis of individual hexose phosphate isomers
(200 pg/mL) in the absence of chemical modifier, using the generic MRM 259->79 with 33 settings of CoV spanning the range 6.2 to 12.6 V. SV =
4100 V, resolution gas = Medium. Results for the individual experiments are shown as follows: (A) Glc1P, (B) Man1P, (C) Fru6P, (D) Glc6P, (E)

Gal6P.
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Conclusions

Here, differential mobility spectrometry (DMS) has been used for
the analysis of five hexose phosphate isomers. Baseline
separation of a mixture of three isomers, Glc1P, Man1P and
Fru6P, was observed both in the absence and presence of 1-
propanol chemical modifier. Likewise, when Glc6P and Gal6P
were analysed together, they could be separated under both sets
of conditions. The DMS separations were demonstrated both by
infusion and by LC-DMS-MS/MS analysis.

When all five isomers were analysed as a mixture in the absence
of chemical modifier, baseline separation of Glc1P/GIc6P,
Man1P/Gal6P and Fru6P was observed. With 1-propanol
modifier, separation of Glc1P/Gal6P, Man1P, Glc6P and Fru6P
was observed. Future work will focus on the evaluation of a
wider range of chemical modifiers to establish whether a set of
conditions can be found under which Glc1P and Gal6P can be
separated from the other isomeric forms.
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Simultaneous quantification of trimethylamine oxide and its
precursors from gut microbial metabolic pathway

Using the QTRAP 4500MD system

Cui Jingwen', Zhang Yuanyuan' and Li Guoqing’
'SCIEX, China

Trimethylamine N-oxide (TMAQ), a gut microbiota-derived
metabolite, is found in higher concentrations in plasma after
ingestion of L-carnitine and phosphatidylcholine. Ingestion of
choline, L-carnitine, betaine and foods such as red meat cause
significant increase in trimethyl amine (TMA) due to the
enzymatic activity of gut microbiota. TMA is absorbed into the
bloodstream and metabolized by flavin-containing mono
oxygenase (FMO) enzymes to trimethylamine oxide (TMAO) in
the liver. TMAO has been implicated in the pathology of multiple
diseases, including heart failure.’

Therefore, establishing a rapid and accurate quantitative method
for routine monitoring of metabolites involved in TMAO
production is needed to support gut microbiome research and
screening of hundreds samples from a large research cohorts.

Here, an LC-MS/MS method for the simultaneous quantification
of acetyl-carnitine, carnitine, choline, TMAO and betaine in
plasma has been developed. All target compounds were
extracted using a simple sample extraction procedure then
diluted before analysis using LC-MS/MS.2

1.77
2 5e4
2.0ed 1
7))
& TMAO
>
‘o
S 1.0ed |
=
0.0 2 .
00 05 10 15 20 25

Time, min

Figure 1. Fast chromatography. A chromatographic peak of
trimethylamine N-oxide Q1/Q3 76.1/58.1 using a rapid 5.5 min
method for quantification.
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Key features of QTRAP 4500MD system for
gut microbiome studies

Robust LC-MS/MS system for routine quantification studies
with the Turbo V ion source and Curtain Gas interface

Simplified plasma sample preparation, using a one-step
extraction and dilution

Fast, reversed-phase chromatography provides good
separation of the target analytes

High accuracy and precision values for all analytes monitored,
meeting bioanalytical requirements.
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Methods

Sample preparation: A 20 pL plasma sample was extracted
with 100 pL of acetonitrile and further spiked with 100 uL of a 5
ng/mL deuterated internal standard mixture. The sample mixture
was centrifuged at 14000 rpm for 5 min, then 5 pL of the
supernatant was injected on the column for analysis. The intra-
day and inter-day variability over 5 days of the assay was
evaluated.

Chromatography: A Jasper HPLC system (SCIEX) with a
Phenomenex Kinetex C18, 2.6 um, 2.1x100 mm column (00D-
4462-AN) was used for sample separation using gradient
conditions (Table 1) and a flow rate of 0.6 mL/min. A5 uL
injection volume was used and the column temperature was
maintained at 40°C throughout the analysis. The total run time
was 5.5 min.

Mass spectrometry: A QTRAP 4500MD system with a Turbo V
ion source was used in positive ionization mode. All source and
compound parameters were optimized and are outlined in the
SCIEX How method.® The MS method included optimized MRM
transitions for multiple analytes.

Data processing: The method development and data
acquisition was carried out using Analyst MD software. Data
processing was performed using MultiQuant MD software.

Table 1. Fast gradient conditions.

Time Mobile phase A Mobile phase B
0 10 90
3.5 50 50
3.6 10 90
55 10 90

Mobile phase A — water with 0.1% formic acid in 10 mM ammonium
formate.

Mobile phase B - 90% acetonitrile with 0.1% formic acid in 10 mM
ammonium formate

Rapid analysis of TMAO and related species

First, phosphate buffered saline (PBS) was used to dilute the
standards to make a standard calibration curve and obtain a first
rough assessment of sensitivity. The concentration range
evaluated and the linearity of the calibration curves is outlined in
Table 2 along with the observed LLOQ concentrations for TMAO,
betaine, L-carnitine, acetyl-carnitine, and choline. All analytes
showed good gaussian peak shape (Figure 2).

Triplicate injections of TMAO, betaine, L-carnitine, acetyl-
carnitine and choline were each analyzed at different
concentrations and across 5 days, as outlined in Table 3. The
intra-day reproducibility was analyzed across triplicate injections
from a single day. The accuracy for each metabolite ranged from
89.87% to 112.03% and the %RSD ranged from 1.81% to

Table 2. Concentration curves. Compounds were diluted with phosphate buffered saline (PBS) to create standard concentration (ng/mL) curves for
each analyte. Good linearity was achieved for each of the standards. Observed lower limits of quantification in buffer are highlighted in bold, using

standard bioanalytical requirements of <20% CV and +20% accuracy.

Series Acetyl-carnitine Carnitine Betaine Choline TMAO

STD1 0.03 0.05 0.05 0.05 0.13

STD2 0.05 0.1 0.1 0.1 0.25

STD3 0.1 0.2 0.2 0.2 0.5

STD4 0.25 0.5 0.5 0.5 1.25

STD5 1.25 2.5 2.5 2.5 6.25

STD6 2.5 5 5 5 12.5

STD7 5 10 10 10 25

STD8 10 20 20 20 20

Linear equation Y=1.54803x-0.009  Y=1.43472x+0.04162 Y=0.63080X+0.00622 Y=0.93725X-0.00116 Y=9.55724x-0.54357

Correlation coefficient 0.9999 0.99118

0.99713 0.99987 0.99792
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1.10 1.16 1 504 1.39
8.87%. The inter-day reproducibility was measured by
©1.0e4 3.0e41 comparing results from triplicate injections across days. The
& Acetyi-carnitine Canmitine 1.0e4 Choline . o o
= 0.03ng/mL | 0.05ng/mL 0.05ng/mL inter-day accuracy ranged from 92.93% to 107.15% and the
2 %RSD ranged from 1.77% to 8.01%. The LLOQs observed for
Q
£50e4 1.064- 5.0e4 each analyte are marked in bold in Table 2. Standard
L. t \‘ bioanalytical requirements were followed.
0.0 1 0.0, , . 0.0 » "
00 10 20 00 10 20 00 10 20 Next, this rapid LC-MS method was tested in plasma. A simple
Time, min 177 Time, min 0,86 Tme, min extraction protocol was used, which provided good detection
' ' and good signal/noise of TMAO and its precursors analytes in
2.0e41 plasma (Figure 3).

W e 2.0e4
& TMAO Betaine
= 0.13ng/mL 0.05ng/mL
(%2}
51.0e4- 1.0e4
£

0.0 . 0.0

00 05 10 15 20 25 00 05 10 15 20 25
Time, min Time, min
Figure 2. Lower limits of quantification (LLOQ) for acetyl-carnitine, L-

carnitine, choline, TMAO and betaine. Good peak shape and signal/noise
were observed at the LLOQ for each analyte in PBS matrix.

Table 3. Quantification results. Inter-day and intra-day results for the analysis of acetyl-carnitine, carnitine, choline, TMAO and betaine in PBS.
Precision and accuracy results for a few of the low concentrations points are shown.

Compound Name Theoretlc_al Inter-day Intra-day
concentration
ng/mL Mean (ng/mL) RSD% Accuracy% Mean (ng/mL) RSD% Accuracy%
0.08 0.08 4.88% 95.97% 0.078 4.29 97.32
Acetyl-carnitine 0.15 | 0.15 6.44% 96.96% | 0.141 4.91 94.33
7.5 7.36 7.01% 98.14% 6.74 3.16 89.87
0.15 0.16 8.01% 103.33% 0.143 7.89 95.57
Carnitine 0.3 | 0.31 6.78% 103.22% ’ 0.291 8.28 97.03
15 13.94 1.77% 92.93% 13.971 1.97 93.14
0.15 0.16 4.53% 107.15% 0.166 3.45 110.55
Choline 0.3 | 0.32 5.07% 105.63% | 0.336 2.04 112.03
15 14.91 2.88% 99.40% 14.509 2.3 96.73
0.38 0.38 5.18% 100.35% 0.402 2.93 105.9
TMAO 0.75 | 0.71 3.53% 94.71% ’ 0.716 3.75 95.52
37.5 37.06 6.91% 98.83% 35.023 1.81 93.4
0.15 0.15 7.89% 101.26% 0.15 8.87 100.04
Betaine 0.3 | 0.32 5.45% 106.87% | 0.327 2.27 108.99

15 | 14.14 3.95% 94.26% | 13.788 4.11 91.92
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Conclusions camitine
Here, a method for the rapid quantification of TMAO, betaine, L- 6.0e5
carnitine, acetyl-carnitine and choline in plasma has been
developed on the QTRAP 4500MD system. This method has the 5.0e5
advantages of high specificity, linearity and high accuracy. As
shown, this method is suitable to support rapid monitoring of 4065 gg?r%ne
TMAO metabolites: § ’ betaine
e Rapid 5.5-minute run time provided good peak separation for -‘5‘3 065
detection in a shorter run time than several recently published 2 i )
methods for faster screening.* - coIme and d9 choline
o Consistent quantification results were obtained for all 2.0e5
standards tested, with correlation coefficients ranging from TMAO and d9 TMAO
0.991 to 0.999 1.065 \
e Inter- and intra-day reproducibility and accuracy meet
standard bioanalytical requirements of %CV less than < 15% 0.060 AW
: 1.0

in for all analytes analyzed in plasma
* Method was evaluated in plasma matrix using a simple Figure 3. Detection in plasma. The extracted ion chromatograms (XIC)

extraction protocol and good signal/noise was observed. show the separation of TMAO and its precursors in 3.5 min run time
from extracted from a plasma sample.
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SWATHtoMRM: Development of High-Coverage Targeted

Metabolomics Method Using SWATH® Technology for
Biomarker Discovery
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colorectal cancer (CRC)
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Bk, FAANGEMNQCHARE T SWATHEIE, HMET
1705/ "MRMBF3F, HH11303 (76.4% ) MBI THE T
7, BENINGERRNIEMD, #£51213(93.1% ) ME
B E DA TIRALRER R HONE], XM BT
Gt i. AT ELGRHARE—DSHEK, HFIIGEFRDR
&7 SWATHEHE

MQCHAMRSDA T INRINGEHERNPCATTERRE,
SWATHtoMRMZEE I MR BUE HE BEML TSWATH-MS!, TE
FKIMFEE/NIRSDEFREMRSDSA T (& 5a) , MKEPCAEIFE
INGHNBHEMERMNARXSE (B Sb) .

Bl 5c&R T EFSWATHIoMRMESCRCHATE A MRS MY
LWRE, EFHRATEEDIRSVHE, NIEGERNEIN13031
R+, BIsMREMEFLITEESR (fold-change > 1.5,
p-value < 0.01, B 5d) , HP67MHMINEE. FiE, FAPLS-
DAIREIMF T CRCEBSFIRARNRMER, VIPEHERSHN
20N RIS E X ABTERNEDIFRSEY, FREEISGEFREER
FRIBERIBES) (AUC = 1) o TR, AXERIEEERPENT
X20NREH, FHIRET HIUNEE, SRAMXLERIFYER
IEEEARFRFERBRTHIPFRIES (AUC = 0.998, sensitivity =
100%, specificity = 97.6%, Kl 5e)

AATERKNAS, MEEAEZH%E, Blt, AXEEB
13 CRCIRAFAVIBR B JE A M3 A AR SR I X Lo A4 1 AT
MEMRAOFEDNE . EMEERG, 17 M EEEN
2, X17MRIEYEF R TROTNEES (AUC = 0.779,
sensitivity = 91.2%, specificity = 64.7%, E5f) o

22k, SWATHtoMRM 73 A BETE AR KN B F IR AR AEARBIARM
U R EREMIREYHTR P,
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ARSCETFSCIEX TripleTOF® 66008 37 7 —Fhr A9 L (3 41 4R
275 R —SWATHtoMRM, o] B 48 U134 1000-2000 MR B4
5DDAMEEL, SWATHtoMRMJT A RE B RERINE FX RE
MER, MEFELZHAMRMEBFIT. M5SWATH-MSHEARAELL,
SWATHIoOMRME B BIFHENM. EaMRBUEME % HE
B, FEBELERGANNA, WBZAATERRORIEMED
HEHNMRTFEFTERNE .
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MIDAZIMRM: SEBEZES A R ERRIBAFETIE
IDA to MRM: High Coverage Combined with High Accuracy

Metabolomics
BetEs, I, AEH, BIE

Chen Jinmei, Si Dandan, Long Zhimin, Guo Lihai

SCIEXY HZ 50y, HE
SCIEX, China

Key Words: TripleTOF® 5600+ LC-MS/MS System, QTRAP®
6500+ LC-MS/MS System, Information Dependent Acquisition (IDA)

Scanning, MRM, Metabolomics
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HQTRAP® 6500+ LC-MS/MSRGIZ R B F 4N ( MRM ) ARTU%
HMRE, XFE IR R SA P MG R SHAFE SRR
RAR, FASENKEE, BRIETEESEMHRANBATER
AR, E/ZAXREFRENRS.
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1. TripleTOF® 5600+ %%, Eo#& Turbo VM B FRIKBRERE,
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R, TNRMIEENERR (LOQ) , AAERNLMTEHE,
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RE—KitH, ERIDRENAEZR5Y, ESE8E

SCIEX ExionLC™ZR Zt+QTRAP® 6500+ 3 Zt+TripleTOF® 5600+ % 4t

@ EAE. ACQUITY UPLC® HSS T3(100 X 2.1 mm, 1.8 um)

RENHE: AME: K (0.03%FE )
BiH: FEZ. 288 (1:1,0.03%FK )

JREE: 0.3mL/min
8. 40C

WHE. 5 pL
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F1ORAEBE,
Time(min) A (%) B (%)
0.00 95 5
17.00 5 95
21.00 5 95
21.10 95 5
25.00 95 5

TripleTOF® 5600+
BB DuoSprayTMB FiE ( ESI+/-)
FEHER . TOF MS-IDA-TOF MS/MS
A#ESEE: m/z 100-1200
CDSERKRIE
B = (DBS) F B
BTFRSH:
ISVFER [E: 5500 V/-4500 V AR CUR: 35 psi
F 1= GS1:50 psi F14= GS2: 55 psi
TURE: 550C DPEE[E: =80V

WIEREE: 35+15V

QTRAP® 6500+
BEFIE: lonDrive TurboVE TR ( ESI+/-)
AFEEN . MRM

BYRZE: AL

1. PCA

ETHEQSOHERLIE ( ERE RN ) #7PCARHT, &’
RIEFHMEREZ BINBEEDIRSY, PCAERKRA, QC®
RKBEHEN, ERMNHERENRY, EEAMKRAXDHE,
ARAZRRK, RPMERRK.

2.
FFXCMS plusiR IR BV E] MfeatureE T8I T 2047, TRt
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POSM1 (PCAYX) = com NEG M1 (PCAX) com
{Gomp. 1}{Com. 2] oo Comp. 11Comp. 2}
Golored accoring to classes in M1 ¢ Calored according o cla

POS NEG
ElL PCABHE EE: 48AEEH REAFKA EEAHQCH,

adjusted p-valve<0.05VIP>1ffeature, #&FRARAE MR YRR
WY —REBIEELE, ERNETFRALLEN0MEFRIEY.

3.

F FQTRAP® 6500+ R EME RBENSREMME, KL
EHNZEZREVFNTEINZERREBE FNLEHHE
LRMRM T 3%, {3 FAQTRAP® 6500+ R G540, —STH#EHEIE f1t))
BEXRNEBEZRREY, HTZITES, L adjusted
p-valve<0.05VIP>1E9Xi#), MAZERREY.
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DANEERR FCIST R B A Bl o T m B TER AL aa £
TRBER, 1ZBE LRFARLETERAMALEMHE TEE
¥, AREMFRREMHATTE,

Theobromine 7-Methylxanthine

Caffeine . [l =

l

1,7-Dimethylxanthine Il oiia] Ertist
3,7-Dimethyluric acid

1-Methylxanthine

%
1,7-Dimethyluric acid e &g
Y S ~s~"\° S nf"&*‘
5-Acetylamino-6-formylamino-3-methyluracil 9\@" Rk 9\«*‘°9\«*‘° &
& R
= N £ »s«(&*\»
1-Methyluric acid J‘w

[E3. Caffeine metabolismiHEK K@ P& L TIBIBE I
BiE: FBAEFH, BEERA
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BRI AF RN T7E

Establishment of Wide Target Metabolomics Detection Method

for Arabidopsis Thaliana Based on High-quality secondary mass

spectrometry data of Zeno TOF™ 7600 System

retg, SR, S8, BaLE
Chen Jinmei, Si Dandan, Long Zhimin, Guo Lihai

SCIEXZ A 50y, HE
SCIEX, China

Key Words: ZenoTOF™ 7600 System, QTRAP® 6500+ System,
Information Dependent Acquisition (IDA) Scanning, Zeno™ Trap,

Scheduled MRM, Metabolomics, Arabidopsis thaliana
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V.2V
®i%4E: Luna Omega Polar C18 (100 x 3.0mm, 3 um)

RENHE: AH: 7K (0.03%FE )
BH: FEE. Z8E (1:1, 0.03%FF )

SREE: 0.3mL/min

#H&: 40°C

HMEE. 2L
R BAERE
Time(min) A (%) B (%)
1.00 95 5
7.00 50 50
22.00 2 98
27.00 2 98
27.10 95 5
30.00 95 5

ZenoTOF™ 7600 R 2E [m 1% 7 i%

AHE . ESI+/- TOF MS-IDA-20TOF MS/MS
HAWSEE . —%28m/z 50-1500 —%Z¥m/z 30-1500
CDSEIIRIE

MBS (DBS) 2

El1. KRR
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Zeno on
BFRESH:
M55 38 B3 [ : 5500V/-4500 V AR CUR: 35 psi

F 1= GS1: 50 psi F 1= GS2: 55 psi

TR 550°C DPEEE: =60V

=

MIEREE . +35+15V

QTRAP® 6500+ REIFIZ %
HiEER . —$ERPI#AIScheduled MRM
BT RS
M 2% B3 [ : 5500V/-4500 V S7A S CUR: 35 psi

F L= GS1: 50 psi F L= 6S2: 55 psi

JEEE: 550°C DPEE[E: =60V

WiEREE: = PMEETHHRLE

ZenoTOF™ 7600 FR ZEAYIDA+DBS+Zeno on#IEREE N B2 S
DHEIRE, FHASCIEX OSBFEE ZREIRE (SCIEX ) &
RENASCHR, FAIEREE, FEEE R ERAE X S SE AR
BH. TEHMNEE, BEXHEE, HFBEEZIRETFX, FH
QTRAP® 6500+ & 4t Y Scheduled MRM—%T1E A PIH# EHE R EHE R R
S EFREUE.
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ET 557 ¥ RIEXS00R QTOF R S & M) A M AZF S
Metabolic Profiling of Solanum lycopersicum by X500R QTOF

High Resolution Mass Spectrometry

VIS, RS
Han-Peng Jiang, Zhimin Long

SCIEXN AL FF /0y, H[E]

Keywords: X500R QTOF, LC/MS, Metabolomics, Solanum

lycopersicum
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BEERNN FREVHEL. RIFELTERBENESRRN
TX—MKH TR, TERETEVFNERERY, I, R
WHFMRARRZH EFONEFTEAN BE TR RE#EEENE
. BRICH ZEATEMER, BHEZ. BYF. MEYF
MERLEERRALE,

EMEELTREAELE S, TLAESR, EYRAEXD
WEMBE T U EBUERITHREY, HhEENe( T
BEEMNEYEHAMRARY BAREEY TENLTERR
T, REPTSEMAF TANESEEWIIBEFERTANE
EVRERMEREREENTRY, FUTEYNREYETS
+HER.

B LNERSHKRMEREY, SAXKKRRER
AEEFT. WRHNBNRIR SR~ WNESEI,
PrABIE AL E BMRLPARB =M ABMRL MEER
RETHIRER, SAEMREEYEMRERT FENRR.

ALEXAS D PFIEXS00R QTOFR S AR @ 547 77 3%,
2%%%&?%1&%%%%@7’5%%?11@%%7‘75% {8 FISCIEX OSEU

EMEHBIEREMEES T TE, BE—RRERBNES
Wa%éméﬂ ERGH39447H, HAE ZREEFIARBEY330
i, REBRLEENRNEER R R L ARIEER
MRMB T 3FIFR, Az EMNMHRERT ERE,
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1. X500R QTOFRZi4k7& 7 SCIEXU R T W IkEy. FUSHRINE
FRET, BEEeoiR, aREEHE, aR8UE,
BENSEELNNSEE, TRENRESREMMSTIMS/MS
B, HEEMNEERE. ARETETLEN X, 46
X500R QTOFRFMEIBMIHMREMNSERMBERET X, T
FERHH B FEMIELEAGARES.

2. EMEREMBIEEXHERMRME TR, hZELXEREE
TR IR .

l__|71<7t<

o ALt
SRAEMHERMT: LBEH (X), ﬁﬁ%ﬁ(J)
BIES (K), BEH (K), EEEH (N, BOEH

(/) & (), =& ().
Hamar b

20gtEEHFMBHAE TR TNFET. BUATHR, ERAM
BYE, HEL0F, 2108, BER4REATEMTRMKR. B
1gRTHE, MALEAREMKREER (50/50, viv) , HE
F20E I HIER, REER, BLEE, 4, 12000pmB0/E
B EERN eI,

2R &
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@I%4E: Waters HSS T3 (100mm X 2.1 mm, 1.84m)

iR 40°C

HAFAETR: 200

TaNE: ABIK (20.025%FE, vv) ,
BAREMZAE (1:1, £0.025%FE, v/v)

JRER: 0.3mL/min

BE: RTE

Time [min] A.Conc [%] B.Conc [%]
0.00 98.0 2.0
2.00 98.0 2.0
20.00 2.0 98.0
25.00 2.0 98.0
25.10 98.0 2.0
28.00 98.0 2.0
S

SCIEX/S 73 ##FUIEX500R QTOF R 4t

BB ESUE;

FEHER . ESI +/- TOF MS - IDA 15 TOF MS/MS;
FA#SERE . MS1, m/z, 40-1500; MS2, m/z, 40-1500

CDSEFIE

RUO-MKT-02-15354-ZH-A

WEBE R HF

HEEFME (pBS ) 75

BTFRESH.

ISER,[: 5500V / -4500 V; SHESCUR: 35psi;

E{LRGS1: 55psi; B R. 55 pis;

BFIRREEA550 C; RMIES. 7psi

DPEE: +60; WHEREE. +40 + 20
Y152 FE R BT

fE FASCIEX OSHFXS FE ASEMEIRER &, R EMHMAENE
2. {#HLibrary View™# {48 T I EIE -

TRHRS51TE

1. B fCHYEMSHT

TR RAFIRKGRE (IDA) MEEESNBRRESE, &
FASCIEX OSBFRE, EHEEHHATHRESHEARF RN _F
EEELE, ZRERETTEES ALibrary View™ 3144 Bl At £
B, SRR ILEL

AR B EFER AR —RM4, SBLEXRBIELER, ¥
AL R R E M E LT T REASI3944 . HA3301
RIFWIKRBETEREZREL, WEREE, EHEREILE?,
FF A IX L Z R R T A EUR B . T TFEUR E IR A MRS
¥, XEMS/MSEE#HITT BT, B335 T B mEREmms/
MS I T AT

BEMARSYEZCREMLABROFY (FhE. B
=, BHEEF) (RF1), BRE, SEREESEY, H
B, BH (R) %, BRETS. BIRXEZRER, T
FEAAMRME T IESR, AZRERFEREEM,

I EE

‘ MHMZ#

ElL.riAE
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No. Kilt¥ gt ek BB migwz W ’(ﬁiﬁ% MS/MSEER BEFIE R
1 Dehydrofilotomatine CsoHeNO,, + 10.35 1032.5370  1032.5401 2.7 414.3370; 145.0502
2 Dehydrolycoperoside A CysHosNOs + 9.4 12685910  1268.5936 24 1208.5735
3 Dehydrolycoperoside F CosHosNOy + 9.94 12685910  1268.5942 2.8 1208.5735; 1106.5413; 1088.4976;
1046.5421
4 Dehydrolycoperoside G CssHgsNO,q + 10.34 1268.5910 1268.5948 3 1208.5735
5 gesgdmtomat'”e lsomer CooHsNO,, + 11.73 10325370 1032.5402 2.8 4143418
6 Hydroxytomatidenol CyHisNO; + 10.12 4303320  430.3325 2.3 412.3226; 162.1290
7 Hydroxytomatidine CyiHusNO; + 10.34 4323470 432.3482 22 414.3373;273.2223; 161.1335
8 Lycoperodine Cy,H,N,0, + 7.27 217.0970 217.0975 1.5 200.1323; 144.0810; 84.0455
9 Lycoperoside F CssHosNOss + 10.11 1270.6060  1270.6060 0.2 1210.5857; 1090.5473; 1030.5273
10 Tomatidine C,HwNO, + 12.01 416.3523 416.3530 16 398.3431;273.2230; 255.2108;
161.1333
11 Tomatine CsoHesNO,, + 12.01 10345530  1034.5555 2.4 578.4010; 416.3650; 298.3321
12 Solasodine CyiHisNO, + 10.03 4143370  414.3378 2.8 255.2188; 161.1331; 112.0753
13 (Hydroxy- & -Tomatine) FAl  CsyHgsNO,,HCOOH - 13.45 1096.5530  1096.5600 6 577.3912; 61.9886
14 (Hydroxy- & -Tomatine) FAIl  CyHgsNO,,HCOOH - 14.93 1096.5530  1096.5600 6 934.507
15 Esculeoside A CssHosNO5 + 10.11 1270.6060  1270.6060 0.2 1210.5857; 1090.5473
16 Esculeoside B CseHosNOss + 8.65 12285960  1228.5981 1.9 1210.5896; 610.3971; 430.3397
17 «-tomatine CyoHesNO,, + 12.01 10345530  1034.5555 24 578.4010; 398.3321; 416.3650
18 y-tomatine CssHesNOs, + 12.01 740.4580  740.4599 2.6 578.4111; 175.1494
19 & -tomatine CaaHyNSO; + 12.01 578.4060 578.4058 11 560.3961; 435.2771; 255.2111;
161.1331
20  Dehydrolycoperoside A/F/G CssHosNOs + 9.95 1268.5910  1268.5942 2.8 1208.5735; 572.3516; 470.3320
21 Dehydrotomatine CsoHeNO,, + 11.73 1032.5370  1032.5402 2.8 414.3418; 145.0502
. . 490.3541; 430.3228; 325.1113;
22 Tomatidine-O-rhamnoside C,1H350, + 10.76 563.2940 563.2948 0.6 295.1064: 163.0599
23 Acetyl hydroxy tomatidine- CuHeNOss N 1011 814.4580 8144579 05 754.4367; 634.3967; 574.3745;

di-O-hexoside

435.2760; 255.2115
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Exoerimen 5. +IDA TOF MSMS (40 - 1500) from 12.017 min Precursor: 416.4 Da, +1, CE: 40.0-from Analytics
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pathophysiological stimuli via multivariate statistical analysis of
biological NMR spectroscopic data," Xenobiotica, 1999, 29, 1181-9

Rinschen MM, Ivanisevic J, Giera M, Siuzdak G., "Identification of
bioactive metabolites using activity metabolomics," Nat Rev Mol
Cell Biol., 2019, 20, 353-367
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2. UEEA AR RME, JEAYIRREREN, 254 Scheduled
MRM™IA8E, 1X35min8Y 77 %R0l SEAl— M R A9203 ML &
WA, RNBES,

3. QCHEAR203ML AW FHIRSDE R, 91% &S WIAIRSDTE15%%
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WEBE R HF

wEnAE . AR 7K (20.05%FER 15 mmol/L BERR % ) BEighi%
ES
Bifl: 218 HTFE: ESUE, TRHETFURARSN-Scheduled MRM™
RER: 0.3ml/min B
*E;JJE]II 40C; %%ﬁ%é&
WHE. 2pL ISEL&: IEEF: 5500V; BT -4500V
Time(min) A (%) B (%) SHS CUR: 35 psi F1LS GS1:50 psi
0.00 100 0 4B GS2: 50 psi SRR TEM: 500°C
0.50 100 0 -
10.0 70 30 R4ES CAD: Medium
20.0 5 95 PEIRRTE] ( EEF/0EF ) . 045/0.45
30.0 5 95
30.1 100 0
35.0 100 0

F1. BHMRMB F XTI RER
K11 BPHEBFIIR

No. Ql Q3 Compound name DP EP CE CXP
1 317.07 | 153.02 525 E Isorhamnetin 80 10 35 7
2 403.14 | 373.09 JII%: 2 % Nobiletin 80 10 35 7
3 463.11 | 301.07 AJUIAET F+Glc 1 80 10 35 7
4 463.12 | 301.07 AP TT 2 +Glc 2 80 10 35 7
5 465.1 | 303.05 4 22 Bk Hyperin 80 10 35 7
6 627.16 | 303.05 1 5 Z+2Glc 80 10 35 7
7 641.14 | 317.07 Methylquercetin+2Glu 1 80 10 35 7
8 641.17 | 317.07 Methylquercetin+2Glu 2 80 10 35 7
9 769.22 | 287.06 I ZE2 F+ LB FE+Glc+Rha+xyl 80 10 35 7
10 773.2 | 287.06 KA +3GIc 80 10 35 7
11 787.2 301.07 R Ui R +2Glc+Caffeoyl 1 80 10 35 7
12 787.21 | 301.07 Aj#4E 7 2 +2Glc+Caffeoyl 2 80 10 35 7
13 787.22 | 301.07 AP 4E T F+2Glc+Caffeoyl 3 80 10 35 7
14 787.23 | 301.07 AJPAE T Z+3Glc 80 10 35 7
15 789.21 | 303.05 M #+3Glc 1 80 10 35 7
16 789.22 | 163.04 1z 25+3Glc 2 80 10 35 7
17 789.23 | 163.04 Hil f7 Z+3Glc 3 80 10 35 7
18 791.2 | 305.06 S F+ 3Gle 80 10 35 7
19 801.21 | 301.07 N PiieTE FE+2Glc+Feruoyl 1 80 10 35 7
20 801.22 | 301.07 AJZjIET E+2Glc+Feruoyl 2 80 10 35 7
21 805.22 | 319.08 FR 3N B R +3 Glc 80 10 35 7
22 893.23 | 287.06 R 7R3 F+3Glc+salicylacyl 80 10 35 7
23 907.25 | 301.07 R #iieTE F+3Glc+salicylacyl 80 10 35 7
24 909.28 | 303.09 Hit iz Z+3Glc++salicylacyl 80 10 35 7

RUO-MKT-02-13860-ZH-A
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K12 P ABFIFER

No. Ql Q3 Compound name DP EP CE CXP
1 465.11 | 303.04 TR F+Glc 1 -80 -10 -35 -11
2 465.12 | 303.04 M F+ Gle 2 -80 -10 -35 -11
3 465.13 | 303.04 A R F+ Gle 3 -80 -10 -35 -11
4 465.14 | 303.04 —EM R+ Glc 4 -80 -10 -35 -11
5 465.15 | 303.04 —E M R+ Gl 5 -80 -10 -35 -11
6 337.05 | 191.06 1-pCoQA -80 -10 -35 -11
7 337.06 | 119.05 5-pCoQA -80 -10 -35 -11
8 353.07 | 191.06 1-CQA 1 -80 -10 -35 -11
9 353.08 | 191.06 1-CQA 2 -80 -10 -35 -11
10 353.09 | 191.06 5-CQA -80 -10 -35 -11
11 353.04 | 191.06 1-CQA 3 -80 -10 -35 -11
12 353.03 | 191.06 1-CQA 4 -80 -10 -35 -11
13 353.02 | 191.06 1-CQA5 -80 -10 -35 -11
14 355.1 175.04 1-O-feruloyl-B-D-glucose -80 -10 -35 -11
15 367.1 | 173.05 5-FQA -80 -10 -35 -11
16 367.11 | 173.05 4-FQA -80 -10 -35 -11
17 457.11 | 137.02 IK BRI HE 25 7 i+ Coumaroyl 1 -80 -10 -35 11
18 457.12 | 137.02 IK BRI H: 25 7 2+ Coumaroyl 2 -80 -10 -35 -11
19 473.1 | 173.04 IR BRI 2 2 7 B+ cafferoyl 3 -80 -10 -35 -11
20 473.11 | 173.04 KBRS 28 7 Fi+ cafferoyl 4 -80 -10 -35 -11
21 487.11 | 173.05 5-FQA+salicylacyl 3 -80 -10 -35 -11
22 473.13 | 173.04 IKAGERIE 3 25 7 FR+ cafferoyl 1 -80 -10 -35 -11
23 487.12 | 137.03 5-FQA+salicylacyl 1 -80 -10 -35 -11
24 487.13 | 137.02 5-FQA+salicylacyl 2 -80 -10 -35 -11

EINER

1. ZABRMQCHMBMR: EHZ500ZFREK, FATERR, ZELTREN, ERETRENEL D3GR AP0 piE&E
&, ERQUHR, ZFRUMINREN. BB T REMNE2 AMFARIRREFRELES,
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3. FER:

NAEM R EEEAR, GEMER, GRS, - s
BEESEFAITMEMNZERREY . AXFEEEEFAMarkerview
(RAS1.3, SCIEX)HMetaboAnalyst (FRAS5.0, https://www.
metaboanalyst.ca) X203 MBI B FTHIT, FEEFY. = @

§11%]

{5 FAMetaboAnalystiX X2 4 ## A3 4TPLS-DAZEIT, PLS-DA
BOEIES, MPLS-DABHETINEE 2EANAFTRENX 5,
RANARZ B BREMNZER. FHMarkerviewi R 322 4K 53 71 ™ ®
TR, tRRERRER—NEVNHEERERRILESG,
& FiMetaboAnalysti#47t-test, Fold ChangeX PLS-DAZ T, WMplE
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RFHEZTF R, ZAXTRRENEZRN203 MG, 21
RER, ZH, BX, BR, SWRAWREE, £5F%, &7
BRERS. Hb, EBFRMNBNMLEY, ABFRN110ME
W, hEYBEEES. MR EANESMF, JERD%RE
B4, Z5&Scheduled MRM™IIEE, 1X35minf 7735 B ) SEA—
SRR P23 ML EWEN, WNRES . QCHEARH203ME
EYBIRSD, 91%MNLEYMELIS% 2N, FRIBMUEMAENEIRL M
o 1Z 775 HSCIEX QTRAP®ZR SE 5 SCIEX Triple Quad ™Y A FF &
SEEREREARZRERNS, MRAFREERIFHAZHRN
RAPRET %, ETREREZERY.
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[1] FZheng, X Zhao, Z Zeng, L Wang, G Xu, Development of a plasma
pseudotargeted metabolomics method based on ultra-high-
performance liquid chromatography-massspectrometry. Nature

Protocols. 2020.

[2] Zhou S, Kremling KA,et al.Metabolome-Scale Genome-Wide
Association Studies Reveal Chemical Diversity and Genetic Control
of Maize Specialized Metabolites. Plant Cell. 2019,31(5):937-955.
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3. AHFMDAHEZ BN ERMTI R

(R EX S (AR ES &M FR

HTIE IR N R 1-pCoQA K J5R B2 +3Glc+Feruoyl

JA Sucrose+Caffeoyl 1 FRIEM I F+4 Glc +GIcUA
JA-Lle 4C,5FCQA 53 ELZ= 2% Isorhamnetin
2% EB Gingerglycolipid B +HCOOH 1 [1-CQA 3 K524 25 +3Glc+salicylacyl
12-OPDA Sucrose+Caffeoyl 2 A E+ Glc 4
SRS S 3,4-diCQA+Glc AJZHAETT F+2Glc+Feruoyl 1
SA 3,4-diCQA 11 % 25 +3Glc+Rha+salicylacyl
Y FFguanosine Sucrose+Caffeoyl 3 FRIEM I FE+4 Glc 1
Z2 M3 JIEB Gingerglycolipid B +HCOOH 2 |3C,5FCQA A JR i 25 +3Glc+Caffeoyl 3
ABA 1-O-feruloyl-B-D-glucose-O-glucose +9 ¥£3ik#fi 7 Z+4 Glc 2

3% 2F TipiMaltopentaose Sucrose+2Caffeoyl 3 AR 5 2K +3Glc+ 2Caffeoyl

CA

IR BRI JL 22 T R+ cafferoyl 3

AR Z+3Glc+Caffeoyl 1

P& nicotinic (Nicotinic acid )

TKAZ PR ok BL 25 1 i+ cafferoyl 4

111 4% ZX+3Glc+Caffeoyl+Feruoyl

B ZR PR Ferulic Acid

1-pCoQA+Feryoyl 4

AjZ54E TS ZE+2GIc+Caffeoyl 3

FFA 18:2-20 3,4-diCQA+Rha 111 %% #+3GIc+Cafferoyl 1
LPC 18:0 3F,5CQA Methylquercetin+2Glu 1

LPE 16:0 Ferulic acid O-hexoside AR HLZEK+4GIc+GIcUA

LPE 18:31 Sucrose+Caffeoyl 4 AR Z+ 4 Gl + salicylacyl
LPE 20:3 1 IK A7 L Ik B 42 5° 8+ Coumaroyl 1 il 2 25+3Glc 3

LPC 18:3 1-pCoQA+Feryoyl 5 33+ 4 Glc + salicylacyl
LPE 20:2 1 3C,4FQA+Glc il 82 22 +3Glc++salicylacyl
LPE 18:2 1 K A% PR B 3 22 5 2 + cafferoyl 2 A AL T Z+Glc 2

LPE 18:0 Sucrose+2Caffeoyl 1 it 2 22 +3Glc 2

FFA 18:1-20 1-pCoQA+Feryoyl 3 Mt 2 25 +2Glc

LPE 20:0 1-pCoQA+Feryoyl 2 75 24E 75 2 +3Glc+salicylacyl
LPC 16:0 5-pCoQA &AMt #+ 3Gl + Feruoyl
FFA 18:3 3,4-diCQA+Caffeoyl 1 Mt 2 Z5+3GIc 1

LPE 20:3 2 Sucrose+2Caffeoyl 4 Fe M 2 F+3 Glc

LPE 18:2 2 1-CQA+Coumaroyl 4 IJ_IZ%%?+3GIC+FeruoyI 1

FFA 16:0 1-CQA+Coumaroyl 2 ~j 246 T #+3Glc+Rha+GIcUA
FFA 18:2 3,4-diCQA+Caffeoyl 2 K 4R34 2 +2Glc+Xyl+2Caffeoyl 1
FFA 18:1 3,4-diCQA+Glc+Feruoyl A ZGIETT 2 +2Glc+Caffeoyl 1
LPE 18:3 2 1-CQA+Coumaroyl 1 11125 2 +3Glc+Cafferoyl 2
FFA 18:3-O 5-FQA+Feruoyl 3 AWM+ Gle s

1-CQA 1 1-O-feruloyl-B-D-glucose AJAETT F+Glc 1

5-FQA=+salicylacyl 2

IK LI L 42 5 8+ cafferoyl 1

A JR B2 +2GlIc+Rha+2Caffeoyl 1

5-FQA+Feruoyl 2

KA PR Pk Jik ZE 7° i+ Coumaroyl 2

AjZ54E 7T 2i+3Caffeoyl +Rha+Feruo

1-CQA 2 1-CQA S 111 % 25 +3Glc+Feruoyl 2
5-CQA 3C,4FQA+Caffeoyl 1 2467 K +2Glc+Rha+Caffeoyl

3,4-diCQA- 25 Z i 5k +3,4-diCQA it iz 22 +4Glc ¥ LM 2 #5+3 Glc+GIcUA 2
5-FQA+Feruoyl 1 2 LM 2 2545 Gl KR 3 2+2Glc+Xyl+2Caffeoyl 2
4,5-diCQA 111 % Z+4Glc+salicylacyl 1 &Mt 2 2=+ 3Glc

4-FQA 111 252 +3GlIc+2Caffeoyl 11 252 +3GlIc+Cafferoyl 4
3,5-diCQA K- 4% 2 +3Glc+Caffeoyl 2 11145 £ +4GlIc+salicylacylc2

4-FQA+GIc+Caffeoyl

111 4% Z+3Glc+Cafferoyl 3 A 254E TS 2 +2Glc+Caffeoyl 2

FiE: JAAEKFER, JA-LiehkFERFZEE, 12-OPDA12-Ox0 phytodienoic acid, SAJIKAZER, ABAARUEER, CANMAEER, CQANMMEEEZETER, FQA
HIRBEZETER, Salicylacyl y7KAZEAEEE, pCoQA , pCoZiCoumaroyl hBEEEIZETER, DICQA WMIMHEELZ TR, Feruoyl SiFAHMIERELE:, Caffeoyl SLCHMI
HEREEE, Sucrose AEERE, RhaMFRZERE, Ferulicacid FIZRER, Glc AFEHE, GICUALEEIEEE,
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SCIEX ZenoTOF™ 7600 % %t R A fh LR R AR F= e 2 HO B M

DI

Two different activated dissociation techniques provide

complementary and information rich for structure elucidation
based on SCIEX ZenoTOF™ 7600 system

X5Et; Bz
! Sciex 1 [EH v HEE

CAD (Collision-activated dissociation, RIFESE{L R E) A 2LC-
MS/MS (BB FRRIE ) ¥R R RBIER; XMERNRMRE
AB—MEERANFFEFHTOBBEEA, HRUSTERX
AYNBREETIH; HRRERNELIREESNEMSHNE
Fo EAD ( Electron activated dissociation, EB-F ELRE ) AR
ERRESCADEMNEAER, ZERAZBRNFFE, 22—
BFEHENBRBEAR, TNNCEDHITIEEEE,

SCIEX ZenoTOF 7600 %t ( f&#R7600% 4t ) #RECCADHIEAD P
HBEA; TETHMAHAN. EHADERIENRIE, 7600F
SIEADRE, A AHBFHRETE, ERERAHEERFREEN
AR, T4 A4ECD ( Electron Capture Dissociation,E8 F ik = )
#Z (0-5eV) . Hot ECD ( Hot Electron Capture Dissociation, J&Ek
B HIKEE ) (5-10 eV) FERAIEIEIO ( Electron impact excitation of
ions from organics, B FRIEMNHMAEF) (>10ev) =FHHRA,
RIS ATFRERMELRYT, SAMFEEIHTN_MER)T, B6H
BN FEMFAT. EEMLL, 7600 R RAEADHREE T K F

N FRIEAMERAR (EL) .

& T

molecular ions ‘

.'E » ¢

¥

. electrar capture i
) radical state
© BTHRAAETE, RACIAMNHEEE

.
Mg (B TET) i N, -
- BINAEREEMNR TLEAREMNLTHRIES e S el gl
i " B - s Bt il o s By g
s T

- EADHOATTRLE — D HotEc b
R EIEIOZHE i -
|

[El1. EADRIZ R IR FIEADTE N EIEE FAE & T A9 FSt B
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76005 S MIEADTEH FIEMN iR, BAEMRHRE, KR
¥ FREADS CADFER A B 4ME, EADFIEI ( Electron ionization, B
BE) BEOBUNEEAEETER, MEEIT FEADMBERET
n, BN Bz,

Zeno TOF 7600 % 4t EADFI R4 =

BFRETE, UBEASFEINSFRA;
SCADEIAE RFEFME, ISR ST,
HEHT600R BiHZeno™ Trap ( Zeno B ) WME&EINGE, RES
JREZRIEAD MS/MSTEE;

ERGE, AEEEEHIMKT;

AR TR R

= E EHE0.1 ng FIMFE; BAEKHENRIERESHIRL;
2 HIRECAD MS/MSHEE FIEAD MS/MS &Kl ; CADEIR T, CE

(Collision energy, ¥ 8EE) 445 ev; EAD #23{ TCurrent beam
(BB ) ®EH3500V; KE ( Kineticenergy, BBFREE ) AldeV;

EAD B 5CAD®E R B E# 4

SFELEAD MS/MSFICAD MS/MSTERE], A BFFEER, A
FHEEMM, MERFITINEY, EADERT, JHBTRE
CADT AR B {EE, f: m/z251.1176, m/z 381.1814, m/z
414.2135, m/z550.2637, m/z594.2564, HHHEFm/z 414. 2135%%‘
F¥Rm/z 195.0682F =M A —MES, TECADERIERF,
MERTERI, BEEADIER T, AMRAE.
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R REFHNRERSH

W Rit&H
REntEAME K S8 (Gas1) , 52 (Gas2) 55 psi, 55 psi
SRaNtEB A8: FRE BFREE (Tem) 600 °C
B, Phenomen Kenetic C18 30%2.1,2.6 ym BEHEE (sv) 5500 V
R 40°C X8 E (pP) 50V
[ e P e S P PSP S TNTSp— Y F2. GC-MS-EMEX THREMNEEHF, 7ELC-MS/MS-EADBERIRN T, A
D0 KE: JaV ~ra3erIn = NN
ryrone e s o O Eihig R
~ O W Y00
x YO e L
" ; . L m/z GC-MS-EI  LC-MS/MS-EAD LC-MS/MS-CAD
' - =k - o w1 Intensity% Intensity% Intensity%
A N S vt S A -~ ~ =
; styeneon e w0l 195 100.0 25.0 100.0
xgl,r;fl o
i 0§ P Satee 251 38.0 17 NF
v | 265 15.0 NF NF
"""""""" — 381 25.0 3.0 NF
2. EAD (KE 14eV ) MS/MSIEEl ( L&) FCAD ( CE45ev ) MS/MSIEE (T 397 25.0 10.5 53.0
E), ZRFRERLIERT, ERASCIEX OSHHEATEADRTRAL S
414 20.0 2.7 NF
593 10.0 3.8 NF
EADE i FREIRE F kY4B oL 1
EREECCMS (SR ) hRINERER. aXke, SRR

BMNEIMFMFEAEADTE ; FEEF B —ERBELIE, XTS5
NEREL, #RERETINIFIERRXRR. ERATE B

ZIIHMDB ( human metabolome database, AZEMRBIA LWIET . FADREFIERAGANEL  Bh— 2N
ZHIERE) , FEFMFEE B ( https://hmdb.ca/spectra/c_ s
ms/100080 ) , S HIZIEE AtextSLA, KB A m/zMintensity%
(EAELRE ) ki, B 5 SEHEADMCADM EEW F m/zH
intensity%3=i%. BENEE PRE<1%HF BFIiTEE, BURHE
fBEI® 2 E D AFEEADFICADIEE R FTE, KBFR2, Mk,
XK 7EEAD ERT, TREXATCADINEER R, FEIF
FEX THRBHEFRAM (E3) o XTRUM—UEBEAD
BRIFEME AT A XA, B AEERIRIERR AR,
hiF AR TBATEADE R NIRRT —FE g,

.« EADHRFICADHHEFEHM; ANAT, ZHHREANE
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Quantitative analysis and structural characterization of bile
acids using the ZenoTOF 7600 system

Paul RS Baker?, Robert Proos?!, Maxim D Seferovicz and CID that can provide structurally diagnostic fragment ions to
Thomas D. Horvath3+4 differentiate bile acid isomers (Figure 1).

1SCIEX, USA; 2Dept of Obstetrics and Gynecology, Baylor College of Medicine, Herein, the ZenoTOF 7600 system was used to quantify the bile acid

Houston, TX; 3Dept of Pathology, Texas Children’s Hospital, Houston, TX; content of human plasma sample extracts with a sensitivity

“Dept of Pathology & Immunology, Baylor College of Medicine, Houston, TX comparable to that of high-end TQMS systems. Furthermore, the
EAD-based fragmentation generated several structurally diagnostic

This technical note demonstrates the power and capability of the fragment ions that are capable of distinguishing between the bile

ZenoTOF 7600 hybrid time-of-flight mass spectrometry (TOFMS) acid isomers. These data demonstrate the capability of the ZenoTOF

system to sensitively detect, quantify, and structurally characterize 7600 system to perform highly sensitive and selective analysis of
the bile acid content of biological specimens. Analysis of bile acids endogenous bile acid content in human plasma.

by nominal mass instruments, such as triple-quadrupole MS (TQMS)
systems, is challenging because of the high chemical background

Key features of bile acid analysis on the ZenoTOF

found in several precursor ions to precursor ion-based multiple-
P P P 7600 system

reaction monitoring (MRM) transitions used in current state-of-the-

art assays (1-4). High-resolution mass spectrometry (HRMS)

. . . The ZenoTOF 7600 system can detect and quantify bile acids with
generates a full product ion spectrum for each targeted bile acid, and o . .
. . . a sensitivity comparable to that of high-end TQMS instruments
extracting fragment ions with a narrow mass-to-charge (m/z)

window can reduce background chemical interferences and improve o The narrow fragment ion extraction window possible with HRMS
the signal-to-noise (S/N) of the assay. The detection of individual improves assay sensitivity by reducing background chemical

bile acid isomers currently depends on chromatographic resolution; interferences and, consequently, increases the S/N of the assay

collision-induced dissociation (CID)-based fragmentation cannot

o ) ) . ) EAD can generate diagnostic fragment ions to enable the
distinguish these isomeric metabolites. Electron-activated o . o L
] S ) ) distinction between bile acid isomers, which improves the overall
dissociation (EAD; 5-7) is a complementary fragmentation mode to . .
specificity of the analysis

_ DCA o MS/MS (m/z 415.3
A ['sare B. i C. 'E.;,.‘.;‘;-..'“'._'::'.‘i Ll ."!";..,..) —
Ted . b T i
|| ;!mc 2552103 848 min
fes . i
5e4 '.|
sed | o L — TR
cDCA | TR T q

08,0187 2331135

“ | bca
2“. .'.-I“ | .
'\l_.l' L |.-'-' I'I-' (m/z)_'* "
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Figure 1. Bile acid isomer structural characterization by electron-activated dissociation (EAD). Bile acids have multiple structural isomers per each
subclass. Deoxycholic acid (DCA), chenodeoxycholic acid (CDCA), and ursodeoxycholic acid (UDCA) have the same empirical formula and exact mass, but they
differ structurally with the position and/or stereochemistry of their hydroxyl functional groups. (A) The TOFMS total ion chromatogram (TIC) for m/z 415.3 (DCA
sodium adduct) shows the importance of chromatography to resolve bile acid isomers. (B) The EAD MS/MS spectra for DCA+Na and CDCA+Na are presented in an
inverted overlay. Underlined in red are EAD-based fragments unique to DCA+Na; the proposed fragmentation of the DCA+Na fragment with m/z 255.2107 is
shown on the DCA+Na structure. (C) The DCA+Na-specific fragment at m/z 255.2107 shows no interference in the XIC for chromatographically resolved
CDCA+Na. These data suggest EAD fragmentation may be used instead of chromatographic systems with long gradients to distinguish bile acid isomers.
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Introduction

Primary bile acids are cholesterol-derived molecules that are
synthesized in the liver and are collected and pre-concentrated in
the bile contained in the gall bladder (8). During gastric emptying,
bile is secreted into the duodenum via the common bile duct, where
bile acids play a crucial role in emulsifying and absorbing dietary
fats (8,9). The two primary bile acids, cholic acid (CA) and
chenodeoxycholic acid (CDCA) are bioconverted into chemically
distinct, bacterially produced secondary bile acids and an expanding
list of microbially-conjugated bile acids (MCBAs) by host microbiota
(10-16). Of considerable recent interest is the potential role of these
bacterial-derived secondary bile acids in human physiology and
their contributions to pathologies such as inflammatory bowel
disease and cancer. Consequently, there is great interest in
identifying and quantifying these compounds in diverse samples.

Multiple methods for bile acid analysis have been reported in the
literature (1-4). These methods are typically TQMS-based, and their
effectiveness highly depends on sample prep, instrument sensitivity,
and chromatography to deliver high-quality bioanalytical results.
One common drawback of these published methods is that they
often use the negative ion mode. At the mass range of interest
(~400-500 Da), there is considerable isobaric chemical interference
from the matrix and the mobile phase solvents, depending on their
source. This is especially problematic for low-resolution TQMS
instruments (Rs ~100-150 equating to +0.1 Da mass error). HRMS
offers a potential solution to this problem due to its high mass
accuracy and high resolution. Fragment ions can be extracted from
a high-resolution MS/MS spectrum using a narrow m/z tolerance
window (~ 20 mDa), which may exclude many isobaric
interferences that cause the high background in TQMS instruments.
The ZenoTOF 7600 system can acquire data in this mass range with
a mass accuracy of + 2ppm and a resolution of >35K.

Bile acids are cholesterol-derived amphipathic molecules of
saturated hydroxylated C-24 sterols. As shown in Figure 2, the
location and stereochemistry of the hydroxyl functional groups
define the different isomers within each sub-class. CID-based
fragmentation of bile acids primarily yields product ions related to
the bile acid head group, and relatively few fragments are generated
from the ring structure; hence, CID alone does not generate
diagnostically useful fragment ions for identification or
quantification purposes. Using chromatography to resolve bile acid
isomers requires relatively long chromatographic gradients, which
are not conducive to high-throughput analysis. An alternative to
lengthy chromatographic gradients and CID-based fragmentation is
EAD. EAD-based fragmentation provides ample fragments derived
from the sterol ring structure (Figure 1A & 1B), and it can
distinguish the isomers of each bile acid subclass without extensive
chromatographic method development.

MKT-30747-B
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Figure 2. The deoxycholic acid sub-class of bile acids. Bile acids are
cholesterol-derived amphipathic molecules of saturated hydroxylated C-24
sterols. DCA has a hydroxyl moiety at carbon 12 (C-12) whereas UDCA and
CDCA are hydroxylated at carbon-7 (C-7). The latter two isomers are
characterized by a different stereochemistry at the number 7 carbon.

The ZenoTOF 7600 system has an EAD cell that provides
complimentary fragmentation that can be activated and scheduled
within a typical quantitative bioanalytical method to provide
structural characterization of bile acids. In this technical note, the
speed and sensitivity of the ZenoTOF 7600 system were leveraged to
quantify bile acids in prepared plasma samples. These results were
compared to those acquired on the QTRAP 7500 instrument. To
demonstrate the power of EAD for structural characterization, the
DCA sub-class was structurally characterized to identify EAD-
specific fragments for each isomer.

Materials: Bile acid standard mixtures were purchased from
Cambridge Isotopes Laboratories. The stable isotope-labeled bile
acid mixes (unconjugated, cat# MSK-BA1; conjugated, MSK-BA2)
were used as internal standards, and unlabeled bile acid mixes
(unconjugated, cat# MSK-BA1-US; conjugated, MSK-BA2-US) were
used as primary reference standards. All solvents were LCMS grade
and obtained from Burdick and Jackson and Fisher Scientific.

Sample preparation: Human blood (research use only) was
collected into tubes containing potassium ethylenediamine
tetraacetic acid (K2zEDTA) anti-coagulant following the procedure
outlined in the institutional review board (IRB) protocol #_____. The
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Table 1: Chromatographic gradient (flow rate = 0.30 mL/min)

Time (min) Mobile phase A Mobile Phase B
(%) (%)
0.0 75 25
1.5 75 25
13 20 80
14.5 20 80
14.6 75 25
17 75 25

plasma was isolated from the red blood cell fraction by
centrifugation. A 50 pL volume of each plasma sample was pipetted
into individual 0.6 mL Eppendorf tubes, and a 200 pL volume of
methanol was added to precipitate plasma proteins (primary DF=5-fold).
All samples were vortex-mixed for 30 seconds and centrifuged at
17,000g for 5 minutes, and the supernatant for each clarified plasma
extract sample was transferred into fresh vials.

A 50 pL volume of each clarified plasma extract sample was
transferred into fresh glass vials. A 450 pL volume of an internal
standard solution (10 nM deuterated BAs) was added to each
sample vial (DF=50-fold overall), and the vials were capped and

Table 2: ZenoTOF 7600 and QTRAP 7500 systems source and
method parameter settings

vortex-mixed for 30 seconds. The final volume of each sample was
split into two identically labeled glass autosampler vials (w/
inserts), with each set being injected on the QTRAP 7500 and the
ZenoTOF 7600, respectively.

Chromatography: Extracted metabolites were resolved using two
different HPLC systems. For the ZenoTOF 7600-based system, an
Exion UHPLC instrument equipped with a Phenomenex Kinetex XB-
C18 column (100 x 2.1 mm; 2.6 um particle size) was used. For the
QTRAP 7500 TQMS-based system, a Nexera 40 Series UHPLC system
equipped with a Restek Raptor C18 column (100 x 2.1 mm; 5.0 pm
particle size) and an Ultra C18 guard column (10 x 2.1 mm i.d,, 5 pm;
Restek) was used. The two different columns produced similar but
not identical chromatographic elution profiles. Notably, both
columns entirely resolved the multiple bile acid isomers. The
autosampler sample bay was maintained at 10 °C for both systems,
and a 15 pL sample volume was injected on column. The column
oven temperature was kept at 50°C with a constant mobile phase
flow rate of 0.3 mL/min for a total run time of 17 min. The mobile
phase compositions were (A) 10 mM ammonium formate in water
and (B) pure acetonitrile. Gradient details are shown in Table 1

Mass spectrometry: Extracted sample extracts were analyzed using
the ZenoTOF 7600 system with an OptiFlow Turbo V ion source and
a QTrap 7500 system with an OptiFlow Pro Turbo V ion source using

ZenoTOF 7600 QTRAP 7500
Parameter system instrument Table 3: ZenoT(.)F 7600 and QTRAP 7500 systems compound
parameter settings
Curtain gas (CUR) 35 40
Ion source gas 1 (GS1) 60 35
TRAP 7500
Ion source gas 2 (GS2) 80 70 ZenoTOF 7600 System ¢
CAD Gas (CAD) 7 9 System
Source temperature (TEM) 250 °C 500 °C Bile acid RT (min) bp CE RT (min) CE
B LCA 11.9 -80 -5 10.7 -23
Ion spray voltage (IS) 453,%// EZ(;OOV -2000V
i i ( ) UDCA 7.4 80 -5 6.2 -23
Declustering Potential -80 V/+80V N/A
(DP) (CID/EAD) / cpca 9.0 50 -5 7.9 -24
CID Accumulation/dwell Variable Variable B B B
time (sMRM#®) (SMRM) DCA 9.3 40 49 8.1 47
CID Collision energy (CE) g:;leencséi't gz;:fséi't i 71 -40 49 5.9 47
: - - GLCA 9.6 -80 -48 6.7 -46
Q1/Q3 Mass Resolution N/A Unit/Unit
EAD Accumulation/dwell 40 ms N/A GUDCA 5.6 -80 -82 3.6 76
time 010 GepcA 7.15 -80  -82 5.1 -80
- +
CE for TOF MS (CID/EAD) N/A GDca 7.4 80  -82 5.4 -80
TOF MS mass range 70-1000 Da N/A GCA 57 -150 -48 3.9 -46
TOF MS/MS mass range 40-400 Da N/A TLCA 7.4 -80 -137 6.6 -135
Time bins to sum 6 N/A TUDCA 4.5 -80  -142 3.8 -145
EAD Collision energy (CE) 122V N/A TCDCA 58 80 142 52 145
Electron kinetic energy
(KE) 13ev N/A TDCA 6 -80  -142 54 -136
Zeno pulsing for MS/MS Yes N/A TCA 4.7 -190 -66 4.1 -64
Zeno threshold 20000 N/A
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Table 4. Bile acid standards. Mixtures of labeled and unlabelled bile acids were obtained from Cambridge Isotopes Laboratories. Bile acids were analyzed in
the negative ion mode, targeting the [M - H]- ions for quantitation. For qualitative analysis of bile acids using EAD, the [M+Na]* ion was used. In cases where
the precursor and the product ion were the same in the SMRMHR transition, the TOFMS spectrum was used for quantitation.

Bile Acid Molecular formula Abbreviation [M - H]- Pr{) Igug]ion [M + Na]*
Lithocholic Acid C24H4003 LCA 375.290 375.290 399.288
D4-Lithocholic Acid C24H36[2H]403 D4-LCA 379.316 379.316 403.313
Ursodeoxycholic Acid C24H4004 UDCA 391.285 391.285 415.283
D4-Ursodeoxycholic Acid C24H36[2H]404 D4-UDCA 395.310 395.310 419.308
Chenodeoxycholic Acid C24H4004 CDCA 391.285 391.285 415.283
D4-Chenodeoxycholic Acid C24H36[2H]404 D4-CDCA 395.310 395.310 419.308
Deoxycholic Acid C24H4004 DCA 391.285 391.285 415.283
D4-Deoxycholic Acid C24H36[2H]404 D4-DCA 395.310 395.310 419.308
Cholic Acid C24H4005 CA 407.280 343.266 431.278
D4-Cholic Acid C24H36[2H]405 D4-CA 411.305 411.305 435.303
Glycolithocholic Acid C26H43N04 GLCA 432.312 388.324 456.309
D4-Glycolithocholic Acid C26H39[2H]4N04 D4-GLCA 436.337 392.349 460.335
Glycoursodeoxycholic Acid C26H43N0O5 GUDCA 448.307 74.025 472.304
D4-Glycoursodeoxycholic Acid C26H39[2H]4NO5 D4-GUDCA 452.332 74.025 476.329
Glycochenodeoxycholic Acid C26H43NO5 GCDCA 448.307 74.025 472.304
D4-Glycochenodeoxycholic Acid C26H39[2H]4NO5 D4-GCDCA 452.332 74.025 476.329
Glycodeoxycholic Acid C26H43N0O5 GDCA 448.307 74.025 472.304
D4-Glycodeoxycholic Acid C26H39[2H]4NO5 D4-GDCA 452.332 74.025 476.329
Glycocholic Acid C26H43N06 GCA 464.302 402.302 488.299
D4-Glycocholic Acid C26H39[2H]4N0O6 D4-GCA 468.327 406.331 492.324
Taurolithocholic Acid C26H45N05S TLCA 482.295 79.958 506.292
D4-Taurolithocholic Acid C26H41[2H]4NO5S D4-TLCA 486.320 79.958 510.317
Tauroursodeoxycholic Acid C26H45N06S TUDCA 498.289 79.958 522.287
D4-Tauroursodeoxycholic Acid C26H41[2H]4NO6S D4-TUDCA 502.315 79.958 526.312
Taurochenodeoxycholic Acid C26H45N06S TCDCA 498.289 79.958 522.287
D4-Taurochenodeoxycholic Acid C26H41[2H]4NO6S D4-TCDCA 502.315 79.958 526.312
Taurodeoxycholic Acid C26H45N06S TDCA 498.289 79.958 522.287
D4-Taurodeoxycholic Acid C26H41[2H]4NO6S D4-TDCA 502.315 79.958 526.312
Taurocholic Acid C26H45N07S TCcA 514.284 124.008 538.282
D4-Taurocholic Acid C26H41[2H]4NO7S D4-TCA 518310 124.007 542.307

A scheduled, high-resolution multiple reaction monitoring

To structurally characterize bile acids, an MRM-triggered data-

(sMRMHR) or a scheduled multiple reaction monitoring (sMRM) scan dependent acquisition (DDA) scan mode was used to acquire EAD-

mode, respectively. In some cases, a pseudo-MRM transition was based product ion spectra in the positive ion mode (standards only).
used (i.e., precursor ion to precursor ion). On the QTRAP 7500 Although EAD-based fragmentation is possible in the negative ion
system, these molecules were quantitated at the MS/MS level with mode, it is relatively inefficient compared to the positive ion mode;
low CE. However, for the data acquired for these bile acids on the

ZenoTOF 7600 system, the TOFMS data were used.

consequently, the EAD-based analysis was performed in the positive
ion mode. Because bile acids are anionic, the sodium adduct for each
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Figure 3. Chromatographic resolution of bile acids. Bile acid standards were analyzed using the ZenoTOF 7600 instrument. Chromatography was designed
to separate bile acid isomers (e.g., DCA, UDCA, and CDCA) with baseline resolution.
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Figure 4. Standard curve for cholic acid (CA). The detection of CA was linear over a 4 orders of magnitude concentration range, with a LOQ calculated to be
0.613 nM in a neat internal standard curve preparation.

was monitored and isolated for fragmentation. A summary of the 0S; consequently, the LOQ and LOD equations were modified to the
MS instrument parameters is presented in Tables 2 and 3, and a following formats:
comprehensive list of the compounds studied is shown in Table 4. 332 o

y—intercapt
Data processing: All data were processed using SCIEX OS software. LOD = [BAl(nM5,) = [ = 4] (?!MD'”_BA) m
The Analytics module was used for quantitation, and the Explore 10+ o._.
module was used to structurally characterize bile acids from EAD- L0Q = [BAl(nMg,) = [D.— BA] (”JHQY—BA) %
based MS/MS spectra. Limits of detection (LOD) and of quantitation
(LOQ) estimates were calculated using the standard deviation of the Where [BA]=the bile acid concentration with units of nMga; [Dx-BA]=
y-intercepts and the mean slope of the 3 (ZenoTOF 7600 system) or IS concentration with units of nMpx-sa. This correction is necessary
4 (QTRAP 7500 instrument) calibration curves calculated for each to offset the LOQ and LOD when the [IS] is used, which otherwise
analyte as the previously described in the ICH harmonized tripartite would generate artifactual values when [IS] # 1.
guideline (17). The internal standard concentration (9 nM) was

included in the linear regression calculations performed using SCIEX
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Figure 5. Standard curve chromatograms for DCA. On the ZenoTOF 7600-based LC/HRMS system, DCA eluted at 9.3 min; its isobar, CDCA, eluted at 9.1 min.
Presented here are the individual runs for each standard (in triplicate, from left to right) at each concentration of the standard curve. Data were smoothed once
for both presentation and integration purposes. Data for 0.01 and 0.05 nM are not shown for DCA and were not included in the standard curve calculations.

Results and Discussion ,
100

A bile acid standard curve was generated neat in solvent and
analyzed on the QTRAP 7500 and the ZenoTOF 7600 systems. The
parameter settings were optimized for each instrument, as detailed
in Tables 2 and 3, and the chromatographic gradient conditions
resulted in the separation of each isomeric bile acid with baseline
resolution (Figure 3). The concentrations within the internal
standard curve ranged from 0.01 to 1000 nM, covering a dynamic
range > 5 orders of magnitude. Due to the sensitivity of the QTRAP
7500 instrument, the 1000 nM concentration standards caused
detector saturation; this was not an issue on the ZenoTOF 7600
system. Consequently, to better match the conditions on each
instrument, the final standard curve calculations and subsequent in
vivo measurements were truncated to a linear dynamic range of 0.1
to 100 nM. Due to this consideration, it is important to note that the
results presented here do not necessarily reflect the maximum
extent of the dynamic range capability of the instrument for the
measurement of bile acids. The range tested, however, was sulfficient
to measure bile acids in rat plasma. An example curve acquired for
cholic acid on the ZenoTOF 7600 system and its associated ion
statistics are presented in Figure 4.

The individual chromatograms for each injection of the standard
curve from 0.1 to 100 nM DCA are presented in Figure 5. Its isomer,
CDCA, appears in the chromatogram at ~9.1 min, but the
chromatographic resolution is sufficient so that there is no
interference in the measurement of these two analytes. The
measurement of DCA was performed at the TOFMS level rather than
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Figure 6 Benefits of a narrow XIC window with HRMS. (Top) The TOFMS
mass spectrum of DCA is zoomed around its mass of 391.2854. the blue box
overlaid on the spectrum represents the resolution window of a typical
QTMS system. The three peaks in the spectrum would all contribute to the
overall calculated concentration if analyzed at the MS1 level on the QTMS.
(Bottom) Using HRMS, only the peak associated with DCA (Blue)is
considered, which reduces interference and chemical background noise (Red
1 and 2). For presentation purposes, the spectral and chromatographic
peaks have been smoothed.

the sSMRMHR level because even at very low CE values (-5 V), the
precursor ion peak intensity was significantly reduced. Some
collision energy is required, even in precursor ion to precursor ion
transitions, because this voltage helps push ions through Q2 to the
Zeno trap and the pulser (for a better understanding of the ZenoTOF
7600 system ion path, see reference 18). The power of HRMS at the
MS1 level of analysis is shown in Figure 6. In the top spectrum, the
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DCA peak is 391.2831 Da. Two potentially interfering peaks are
very close to DCA, located at 391.0722 Da and 391.1560 Da,
respectively. These two contaminating peaks would be included in
any MS1 level analysis on a TQMS system because the isolation
width of a nominal mass instrument is ~ 0.7Da, as indicated by the
transparent blue box overlaid on the spectrum. These additions to
DCA's total peak area calculation would affect its measurement
accuracy. However, because it is possible with HRMS to extract a
narrow window around the ion of interest (XIC width of 0.020 Da),
these contaminants, as shown in red in the bottom chromatogram,
can be excluded, and the correct peak area for DCA can be
determined, which increases the overall accuracy of the assay.
TQMS systems rely on analysis at the MS2 level to reduce this type
of interference.

A standard curve for each analyte for each injection (triplicate
injections) was generated, and the data were used to calculate the
LOD and LOQ of each bile acid measured with the ZenoTOF 7600
system or the QTRAP 7500 instrument (Table 5). These values were
computed using the standard deviation of the y-intercepts and the
mean slope for each calibration curve (17) to estimate best the
instruments’ relative sensitivity for bile acid analysis. With the
exceptions of CA, GLCA and GUDCA, the sensitivity of the ZenoTOF
7600 system is comparable to that of the QTRAP 7500 instrument.
The QTRAP 7500 had an approximately 10-fold better sensitivity for
the three noted exceptions. Still, the LOQs for all compounds on both
systems indicate that either instrument can measure bile acids in rat

Table 5. LOD and LOQ calculations for bile acids measured on the
ZenoTOF 7600 system and the QTRAP 7500 instrument

ZenoTOF 7600 QTRAP 7500
system instrument
Bile acid LOD (nM) LOQ (nM) LOD (nM) LOQ (nM)
LCA 0.134 0.405 0.0552 0.167
UDCA 0.047 0.144 0.0263 0.080
CDCA 0.098 0.297 0.0941 0.285
DcA 0.041 0.125 0.0184 0.056
CcA 0.202 0.613 0.0279 0.085
GLCA 0221 0.669 0.0145 0.044
GUDCA 0.044 0.135 0.0035 0.010
GCDCA 0.028 0.0851 0.0144 0.044
GDCA 0.017 0.0518 0.0182 0.055
GCA 0.069 0.210 0.0536 0.162
TLCA 0.070 0211 0.0264 0.080
TUDCA 0.025 0.0743 0.0256 0.078
TCDCA 0.102 0.309 0.0252 0.076
TDCA 0.033 0.101 0.0107 0.032
TCA 0.084 0.254 0.0460 0.139
MKT-30747-B

GCA

i TCA Bileacid {uh)
n AEA AOARE ¢ OO0MS
- UDCA 00082 & 00031
l:f COCA Q0000 = 00000
et | Frar] 40000 & OLO0GO
[re £A QOIFd ¢ Q00M2
B il GOCA GLOA 00037+ D000I
iﬁ-’ fren GLADCA  QOIF) o 0.00dd
g LE (XA 58575 & MA3ISS
T | . GONGA 08863 & OOTIE
| A A780) & 14953
bl TLEA Q0088 s DODRD
= _— FUDCA 00080 & 0.00GE
| TCDCA TCOEA 301F8 = 00883
i) i s TOCA Q413 « DOIEE
;: GCDop TCA 52838 DIedg
e | TIMCA,
N Cai: _-‘I.

1
el b
F! H [ ¥

. H ™1 " ]

Massjcharge (Da}

Figure 7. XIC chromatogram of bile acids in human plasma. Eleven of 15
targeted bile acids were detected in a single rat plasma sample. In the figure,
the major peaks are labeled, and the concentrations (uM) of each bile acid +
the standard deviation are shown in the inset table.
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Figure 8. Pearson correlation plot. A Pearson correlation calculation was
performed on the quantitative plasma data acquired using the ZenoTOF 7600
system and the QTRAP 7500 instrument. Show here are plots, for multiple
primary conjugated and unconjugated bile acids. All plots show a strong
linear correlation between the two differently acquired data sets indicating
that these two instruments are equally capable of measuring endogenous bile
acids in plasma.
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Figure 9. Product ion analysis of deoxycholic acid (DCA). A DCA standard (100 nM) was analyzed using the ZenoTOF 7600 system by CID- and EAD-based
fragmentation (left panels). The middle panels show the .mol file for DCA, and the panels on the right show the theoretical fragments for CID (i.e., heterolytic
fragmentation) and EAD (radical-based fragmentation). The highlighted fragment in blue corresponds to structure highlighted in bold on the middle figures

and is indicated by a red arrow in the MS/MS spectra on the left.

plasma. Figure 7 shows the XIC chromatogram for a single rat
plasma extract. The concentrations of each targeted bile acid are
displayed to the right of the peaks. Only the major peaks are
labeled, but 11 of the 15 bile acids were detected in vivo using the
ZenoTOF 7600 system. Similar data were obtained using the QTRAP
7500 instrument. Figure 8 shows a Pearson correlation plot of the
bile acid concentration data acquired from the plasma samples using
the two different instrument types. The plots show a linear
correlation between the two data sets for multiple primary
conjugated and unconjugated bile acids in plasma. The r values of
>0.99 and the p values <0.0001 indicate the data sets are equivalent
and that both instruments are equally capable of measuring bile
acids in plasma.

The EAD-based fragmentation functionality of the ZenoTOF 7600
system can provide significantly more structural details than that
generated by CID-based fragmentation. Figure 9 shows the product
ion spectrum for DCA. This experiment analyzed a DCA standard
(100 nM) using the ZenoTOF 7600 system by CID- and EAD-based
fragmentation. The CID spectrum in the top left panel has relatively
few fragments compared to the EAD-based spectrum in the bottom
left panel. The middle panels show the .mol files for DCA and
indicate the highlighted fragment in the right panels in bold. This
feature of SCIEX OS, called fragment pane, enables the structural
characterization of compounds by matching the actual MS/MS data
to in silico-generated fragments based on the .mol file. The predicted
CID fragments are shown in red in the top left panel. Note that most
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of these fragments are not present in the spectrum. However, all the
predicted fragments appear for DCA fragmented via EAD. This
ability to generate fine structural detail was extended to determine
whether EAD-based fragmentation could distinguish bile acid
isomers.

Figure 2 shows that DCA, CDCA, and UDCA have the same empirical
formula and exact mass but differ structurally in the position and
stereochemistry of their hydroxyl functional groups. Figure 1A
shows the TOFMS total ion chromatogram (TIC) for m/z 415.3 (DCA
sodium adduct) and the importance of chromatography in resolving
bile acid isomers. Using EAD-based fragmentation, unique fragment
ions were identified for DCA and CDCA, the two isomers that elute
closely (Figure 1B). These fragments are underlined in red on the
spectra. Notably, the DCA-specific fragment at m/z 255.2107 shows
no interference in the XIC for chromatographically resolved CDCA.
Thus, the m/z fragment at 255.2017 Da can be used as a DCA-
specific fragment for sMRMHR analysis and may enable a shorter
gradient for higher throughput. EAD-based fragmentation may
enable the complete structural characterization of these molecules
without requiring purification or other structural diagnostic tools.
More importantly, this type of fragmentation may help identify novel
conjugated bile acids (10-15). For example, Quinn et al. recently
reported the discovery of several new MCBAs (specifically
phenylalanocholic acid (Phe-CA), tyrosocholic acid (Tyr-CA), and
leucocholic acid (Leu-CA)) that were discovered in the intestinal
contents collected from mice (11). Another study found evidence of



EAD #83< i/ F

the amino acids glutamate, glutamine, aspartate, asparagine, capabilities of the ZenoTOF 7600 may prove invaluable to the
methionine, histidine, lysine, serine, tryptophan, valine, alanine, and growth of bile acid metabolism research.

arginine forming conjugates with CDCA, DCA, or CA (12).

Considering the emerging importance of MCBAs in human disease

(19-20) and the critical role of mass spectrometry in their

characterization (21), the quantitative sensitivity and qualitative
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Quantitative and qualitative bile acid analysis on the ZenoTOF

8600 system using EAD
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This technical note demonstrates the power and capability of the
ZenoTOF 8600 system to sensitively detect, quantify, and structurally
characterize the bile acid content in human plasma.

The analysis of bile acids in human samples has become increasingly

important as insights into the prominent biological role of this class of

molecules are discovered [1,2]. Analysis of bile acids by triple-
quadrupole MS [TQMS] systems is challenging because of the high
chemical background found in several precursor ions to precursor
ion-based multiple-reaction monitoring (MRM] transitions used in
current state-of-the-art assays [1-4]. High-resolution mass
spectrometry

[HRMS] enables the extraction of fragment ions with a narrow mass-
to-charge {(m/z) window, which can reduce background chemical
interferences and improve the signal-to-noise (S/N] of the assay as
previously demanstrated [3].

The detection of individual hile acid isomers currently depends on
chromatographic resolution because collision-induced dissociation
(CID)-based fragmentation cannot distinguish these isomeric

metabolites. However, a novel fragmentation method, electron-
activated dissociation (EAD] can generate unique fragments, even
amaong isomers that may help reduce the time required for analysis.

Here, the ZenoTOF 8600 system was used to quantify the bile acid
content of human plasma sample extracts using both CID- and EAD-
based fragmentation methods. EAD-based fragmentation was
strategically used when isomeric pairs overlapped to provide
specificity and enable faster analysis times.

Key features of hile acid analysis on the ZenoTOF

8600 system
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e The ZenoTOF 8600 system can detect and quantify bile acids with an
approximately 12-fold better sensitivity than the ZenoTOF 7600
system

e The narrow fragment ion extraction window paossible with HRMS
improves assay sensitivity by reducing background chemical
interferences and, consequently, increases the S/N of the assay

e EAD can generate diagnostic fragment ions to enable the distinction
between bile acid isomers, which improves the overall specificity
and speed of the analysis
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Figure 1. Detection and quantitation of bile acid isomers in human plasma using EAD. Using a fast, 10-minute gradient, bile acids were analyzed on the
ZenoTOF 8600 system, Isomers such as GCDCA and GDCA are indistinguishahle using ClID-based fragmentation. Using EAD, unique, diagnostic fragments were

enabled their accurate quantitation despite the chromatographic overlap. The upper panels show the two isomers overlapping when using a

; the lower panels show the ability to isolate each isomer separately when a unigue, EAD-based fragment is used.
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Introduction

Bile acids are amphipathic steroidal molecules synthesized in the liver
from cholesterol and play a crucial role in the digestion and absorption
of dietary lipids [1]. Primary hile acids, such as cholic acid and
chenodeoxychalic acid, are conjugated with glycine or taurine before
being secreted into bile. Once released into the intestinal lumen, these
acids undergo microbial transformation to form secondary hile acids
like deoxychalic acid and lithochalic acid that are collectively termed
microbially conjugated bile acids (MCBAs]. Enterohepatic circulation
maintains a dynamic balance of bile acid synthesis, secretion,
reabsorption, and excretion. Beyond their digestive functions, hile
acids are now recognized as signaling molecules involved in metabolic
regulation and immune responses, acting through nuclear receptors
such as FXR and membrane-bound G-protein coupled receptors [2].

Mass spectrometry (MS] has become the analytical method of choice
for the quantitation and profiling of hile acids due to its sensitivity,
specificity, and ahility to differentiate structurally similar compounds.
[3-5] The use of HPLC ESI-MS/MS allows for the simultaneous
detection of multiple bile acid species, including conjugated and
unconjugated forms, in biological matrices such as plasma, bile, and
feces. Targeted MS approaches using multiple reaction monitoring
(MRM] provide high-throughput and quantitative data essential for
clinical and research applications in liver disease, metabolic disorders,
and gut microbiome studies.

Recently, we reported the analysis of hile acids using the ZenoTOF
7600 system, which is a hybrid quadrupole time of flight instrument
(QTOF) that measures compounds with high resolution (~35K]) and
mass accuracy (<2 ppm] [TN ref]. In the negative ion mode, hile acid
analysis by nominal mass instruments is challenging due to solvent-
based high chemical background noise. With accurate mass systems,
this issue can be mitigated using narrow product ion extraction
windows (XIC), which minimize noise and enable a similar calculated
L0OQ for the ZenoTOF 7600 system as with the highly sensitive triple
quadrupole SCIEX 7500 system. Using the ZenoTOF 8600 system,
these studies were extended to capitalize on the instrument’s
improved sensitivity.

The ZenoTOF 8600 system has unique design features that make it
particularly suited for targeted bile acid analysis. First, the instrument
has a complementary fragmentation mode, EAD, that provides
unparalleled structural characterization of small molecules [6-10].
Second, improved hardware, such as the front end with the Optiflow
Pro source, a larger instrument orifice, and an advanced optical
detectar, enables higher sensitivity compared to the ZenoTOF 7600
system. Third, the instrument's front end is equipped with a DJET+
with Mass Guard, which has been shown to reduce instrument
contamination on the SCIX 7500+ system (11}, an important
consideration for lipid and metabolite analysis, especially in the

RUO-MKT-35189-A
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Figure 2. The glucodeoxycholic acid subclass of bile acids. Bile acids are
cholesterol-derived amphipathic molecules of saturated hydroxylated C-24
sterols. GDCA has a hydroxyl moiety at carbon 12 [C-12), whereas GUDCA and
GCDCA are hydroxylated at carbon 7 [C-7). The latter two isomers are
characterized by a different stereochemistry at the number 7 carbon.
Quantitative specificity for this class of molecules is highly dependent on
chromatographic resolution when analyzed using CID-based fragmentation.

complex matrices common to hile acid analysis, including plasma,
feces, and hile.

Bile acids are cholesterol-derived amphipathic molecules of saturated
hydroxylated C-24 sterols. As shown in Figure 2, the location and
stereochemistry of the hydroxyl functional groups define the different
isomers within each sub-class. CID-based fragmentation of bile acids
primarily yields product ions related to the bile acid head group, and
relatively few fragments are generated from the ring structure; hence,
CID alone does not generate diagnostically useful fragment ions for
identification or quantitation purposes. Using chromatography to
resolve bile acid isomers requires relatively long chromatographic
gradients, which are not conducive to high-throughput analysis. An
alternative to lengthy chromatographic gradients and CID-based
fragmentation is EAD. EAD-based fragmentation provides ample
fragments derived from the sterol ring structure, and it can distinguish
the isomers of each bile acid subclass without extensive
chromatographic method development.

In this technical note, the speed and sensitivity of the ZenoTOF 8600
system were leveraged to quantify bile acids in prepared plasma
samples. To demonstrate the power of EAD to improve structural
specificity during quantitative analysis, unique EAD-based fragments
were identified for potentially co-eluting isomer pairs and used
strategically in conjunction with CID-based fragmentation to enable a
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faster assay while maintaining quantitative specificity, accuracy, and
precision.

Table 2. 10-minute chromatographic gradient conditions

Mobile phase A Mobile Phose B

Materials: Bile acid standard mixtures were purchased from
Cambridge Isotopes Lahoratories. The stable isotope-labeled hile acid
mixes [unconjugated, cat# MSK-BAL; conjugated, MSK-BA2] were
used as internal standards, and unlabeled bile acid mixes
(unconjugated, cat# MSK-BA1-US; conjugated, MSK-BA2-US]) were
used as primary reference standards. All solvents were of LC-MS grade
and obtained from Burdick and Jackson and Fisher Scientific.

Sample preparation: Human blood (research use only] was collected
into tubes containing potassium ethylenediamine tetraacetic acid
(K=EDTA] anti-coagulant following the procedure approved by the
institutional review board [IRB] of BCM. The plasma was isolated from
the red blood cell fraction by centrifugation. A 50 pL volume of each
plasma sample was pipetted into individual 0.6 mL Eppendorf tubes,
and a 200 pL volume of methanol was added to precipitate plasma
proteins (primary DF=5-fold]. All samples were vortex-mixed for 30
seconds and centrifuged at 17,000g for 5 minutes, and the
supernatant for each clarified plasma extract sample was transferred
into fresh vials. A 50 pL volume of each clarified plasma extract
sample was transferred into fresh glass vials. A 450 pL volume of an
internal standard solution (10 nM deuterated BAs] was added to each
sample vial (DF=50-fold overall), and the vials were capped and
vortex-mixed for 30 seconds. And prepared for analysis by HPLC ESI-
MS/MS.

Chromatography: Extracted metabholites were resolved using a Nexera
40 Series UHPLC system equipped with a Restek Raptar C18 column
(100 x 2.1 mm; 5.0 um particle size). The autosampler sample bay was
maintained at 10 °C, and a 5 pL sample volume was injected on
column. The column oven temperature was kept at 50°C with a
constant mohile phase flow rate of 0.3 mL/min for a total run time of
17 min. The mohile phase compositions were (A] 10 mM ammaonium
formate in water and [B) pure acetonitrile. Gradient details are shown
in Table 1. Alternatively, the gradient was altered to enahle a 10 min
total run time (Table 2] in which EAD-based fragmentation was
selectively employed to maintain compound specificity for co-eluting

Table 1. Chromatographic gradient conditions

Mobile phose A Mobile Phose B

Time [min] %] (%]
[ 75 25
15 75 25
13 20 83
14.5 20 50
14.6 75 235
17 i) 2o

RUO-MKT-35189-A

0 75 25
1.5 75 25
6 20 80
7.5 20 20
7.6 e 25
10 75 25

isomers that are not distinguishable using CID-based fragmentation,
an example of which is shown in Figure 1.

Mass spectrometry: Sample extracts were analyzed using the
ZenoTOF 8600 system with an OptiFlow ProTurbo V ion source and a
scheduled, high-resolution multiple reaction monitoring (SMRMHR]
scan maode. CID-bhased fragmentation was used for the initial
assessment of the system's performance using the 17-minute
gradient. This experiment was repeated using EAD-based
fragmentation. To speed up the experiment and reduce the total time
to 10 min, an sSMRMHr experiment was performed using mixed-mode
fragmentation. For isomers that overlapped when the gradient was
shortened, an EAD-based fragment that is diagnastic for the
overlapping isomers was used. Otherwise, CID was used for analysis
due to its greater sensitivity and shorter accumulation times. MS
instrument parameters are presented in Table 3, and a comprehensive
list of the compounds studied is shown in Table 4.

Table 3. Instrument parameter settings
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Table 4. Bile acid compound parameters

. . . M- M) . Coliision energy
Bile Acid Abbreviation [M - H]- Fl{-ndlrcrjinn [M * Noj v]
Lithochalic Acid LCA 375.29 375.29 399.268 -5
04-Lithocholic Acid Og-LGA 375316 375516 403.513 -5
Ursodeaxycholie Acid LOCA 381,285 391,285 415283 -5
Da-Lirsodeoxychalic Acii D4-LIDCA F85.51 385,31 419,308 -5
Chenodeoxycholic Acid LOCA 351.285 351,285 415283 -5
04- Chenu*l’emxyur*nlm .ﬂ.c id 04- cn-".u. 398,31 355 31 118.308 -5
Deoxycholic Acid nca 351 25!5_ 35‘7 :.’5'5 415 :'Sa" -89
04-Deoxycholic Acid D4-DCA 39531 39531 419.308 -43
Chalic Acid G4 407.28 343.266 431.278 -43
04-Cholic Acid oH-CA 411,505 411,308 435.303 -0g
Glru‘w:lk:h:-cl‘olrc Acid GLCA 432312 386.324 456,309 -45
G4-Glycolithochelic Acid O4-GLEA 435.337 392,345 460.335 -48
ﬁjrcm.rsndenxyuhol. C .m:.rl A}‘me -flﬂ.a‘:' 307 74.025 _#:-"’I 3y -§2
D#-lew.rrsa-:leuxyuf alic Acid D4- qJ” ‘{bE' 3’3-’_ }"r p2! S 478, 329 : =82
__ Glycochenodeaxycholic Acid _ BCOCA 448.307 74.025 472.309 -82
04- -GJ)'_{-UE'ﬁEr‘I:ILfEUHWJ'I'EI.|I.L'_ﬂE-‘|li ﬂfr CDEA ‘1’52 332 ?‘I‘ {"25 H76.328 -82
 Glycodeoxycholic Acid EOCA 448,307 74.025 “72.304 -82
Dﬂ—ﬂchqdenym’mﬁc_ﬁcid "N GIJEal ﬂ'&E‘ 332 l'-l' "25 476.323 =B2
Glycocholic Acld LA #5502 402.302 HER.255 -48
04-Glycocholic Acld D4-GCA 468.327 406.331 492.324 -48
Tourolithocholic Acid TLCA 462,285 79.958 506.292 -137
04-Tauralithacholic Acid O8-TLCA 48832 79.958 510,317 -137
Tﬂumwa:t-ﬁmamhn'lc Acid ) TH"‘IJ.-'l 498,289 _?E? ‘?5-5‘ 522,267 I""|“1
04-Tovrowsodeoxycholic Ac.d 04- TJE-'CA 502,315 78 SSE 526.312 -142
Taurochenodeoxycholic Acid ~ TCOCA 498.289 79.958 522.267 -142
04- Tn;:rucheru,.l'euxwl"uﬂc Acid 04-TCOCA 502.315 79.958 526.312 -142
Tnurnnenw:hujn: Acid _TOCA 498.289 79.958 EE? 287 =142
o4- TnlJIDJErJH}rI:f‘Dh Acid O4-TOCA 502,315 79.858 526.312 =142
. _Fuumrhu].c Acid FCA 510284 124.008 EIJB‘.EE‘_E < ES
04-Taurochofic Acid 04-TCA 518.31 124.007 542.307 -B6

baseline resolution [Figure 3). The concentrations within the internal
standard curve ranged from 0.011 to 100 nM, covering a dynamic
range of > 4 orders of magnitude. An example curve acquired for
gylcoursodeoxychalic acid (EUDCA) is presented in Figure 4 (panel A),
and the individual chromatograms for each injection of the standard
curve from 0.011 to 50 nM GUDCA are shown [panel B). The associated
guantitative statistics for GUDCA quantitation are shown in Table 5.

During SMRMHr analysis, a full product ion spectrum is acquired. To
identify diagnostic, EAD-based fragments for co-eluting bile acid
isomers such as GCOCA and GDCA,

The Analytics module within SCIEX OS software was used for
quantitation, and the Explore module was used to structurally
characterize bile acids from EAD-based MS/MS spectra. The limit of
quantitation (LOQ] was determined from the lowest standard injected
with the %CV value < 15 and an accuracy within 85% and 115% of the
expected values for the internal standard curve.

The data derived from the internal standard curves were used to
calculate the LOQ of each hile acid measured with the ZenoTOF 8600
system (Table B). These values were determined as the lowest

concentration standard injected that gave a %CV value <15% and an
Results and Discussion accuracy within the range of 85% to 115% of the expected value.

The LOQ values for the ZenoTOF 7600 system were calculated in a
different way [BA TN] than they were in this report (see above].
Additianally, on the ZenoTOF 7600 system, a 15 pL sample was
injected, whereas only 5 uL was injected onto the ZenoTOF 8600

A bile acid standard curve was generated neat in solvent and analyzed
on the ZenoTOF 8600 system. The parameter settings were optimized,
as detailed in Tables 3 and 4, and the chromatographic gradient
conditions resulted in the separation of each isomeric bile acid with
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Figure 3. Elution profile of targeted bile acids using CID-based fragmentation in the negative ion mode. The 50 nM standard was injecte3d and analyzed using
the sSMRMHr scan mode. Total run time was 17 min.
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Figure 4. Example internal standard curve with representative peaks for

GUDCA. (A] Internal standard curve for GUDCA from 0.011 to 50 nM. [B]
Example chromatograms at each concentration level of the curve; blank

region highlighted in grey.

Table 5. Quantitative statistics for GUDCA

system. To compare the relative sensitivity of the two different
systems, the on-column injection amount at the LOQ was used as a
reference (Table 7). The data show that the ZenoTOF 8600 system is
an average of ~20-fold more sensitive than the ZenoTOF 7600 system
(range = 1.1 to 61-fold improvement). The wide range may be, in part,
due to the difference in the sources used with the two instruments.
The ZenoTOF 7600 system is equipped with the Turbo V twin spray
source, which optimizes differently and may have a different ionization
capacity, or a differential ionization efficiency compared to the
Optiflow Pro Turbo V ion source on the ZenoTOF 8600 system. The ion
path of the ZenoTOF 8600 system is also different from the previous
version, which may also slightly affect transmission in a compound-
dependent manner.

The assay developed using neat standards was used to measure
endogenous bile acids in human plasma. Figure 5 shows the
comhined XIC data for all targeted bile acids measured with the
sMRMHr workflow in human plasma extract. Except for lithochalic acid
(LCA), all bile acids were detected and quantified using the ZenoTOF
8600 system. The data shown here were collected using the CID-
based fragmentation mode, and the LC gradient extended over 17
minutes. The concentrations of hile acids detected in two
representative plasma samples are shown in Table 8. The same
experiment was performed using EAD-based fragmentation for all
compounds (not shown), and those data were used to identify
diagnaostic fragment ions for bile acid isomers that co-elute using the
faster, 10 min gradient.

Standard Calculated Average accuracy
Stendard concentration (nM]  concentration (nM] Std dev BV [n=15)
GUDCA 0.011 0.011 0.0014 129 100.4
GUDCA 0.033 0.033 0.0017 513 101.0
GUDCA 0.098 0.093 0.0074 7.80 95.0
GUDCA 0.391 0.385 0.0087 227 98.5
GUDCA 1.56 1.57 0.0873 5.58 100.3
GUDCA 6.25 6.39 0.1008 1.58 102.3
GUDCA 25 26 0.6598 259 102.0
GUDCA 50 50 1.3860 276 100.5
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Table 6. LOQ values for bile acids on the ZenoTOF 8600 system Table 7. Comparison of on-column injection load at LOD between the
ZenoTOF 7600 and 8600 systems
Bile acid Log [”M] frral nn-colimn injection ot LOQ Fald-increass in
LCA 0.098 Bt Acid ZenoTOF 7600 ZenoTOF BEO0 svsitivity
UDCA 0098 .'EFEHTITF 5,’!!“‘“
CDCA 0.033 5075 0490 124
DCA 0.033 2180 0.49390 o4
0,945 01ES 27
CA 0.033 0188 0185 11
GLCA 0.033 §155 G165 557
GUDCA 0.011 10.035 0165 60.6
GCDCA 0.011 2.025 0055 6.8
GOCA 0.011 1277 0.055 23.2
GCA 0.098 0777 0,055 141
TLCA 0.033 3150 0.4930 £.4
- 3165 G165 152
TUDCA 0.011 1115 0055 20.3
TCDCA 0.033 4535 0165 281
TDCA 0.033 1.525 0165 8.2
TCA 0.033 3810 01ES 231
TCA el
12aly
1.0e?
§ 8.0e6 TCDCA
E-‘ E.Deb
s ° E'T"' GOCA
£ npes GLEA
= | GCOCA TLCA DA
2 Dek TOCA
I | | uoca EDE‘H-
U.U-Iu N = P = e L l . 3 i i L L AL = R . T & P
1 2 3 q 5 3 T 8 ] 10 11

Time, min
Figure 5. Bile acid detection and quantitation in human plasma using SMRMHr analysis on the ZenoTOF 8600 system

Table 8. Example quantitative results from 2 different human plasma samples

i e 1 - e &
Bile Acid Abbreviation e "
Concentrotion [nM] %LV (n=3]  Concentrotion [nM]  %EV [n=d]

Lithroctrobic Agid LCA ND & NO WA

Ursodeoxycholic Acid UoCcA 0724 48 0430 4.3

Chenodeosycholic Acid LOca 124 1.7 612 1.1

Deowycholic Acid oCa 123 2.4 0708 £.0

Chalic Acid CA [EN I 24 L2 2

Glycolithocholic Acid GLCA 1.3495 6.0 041 18
Glyeourzodeosycholc Agid GUDCA 0181 1.0 298 1.0
Giycochenodeoxycholic Acid GLOC a9y 1.4 a2 3.7
Glyoodeoxycholic Acid GOCA 146 38 0863 £.1

Glyeocholic Acid Ga 1570 27 2086 [1A:]

Tourolithochofic Acid TLCA 113 0.6 0.093 3.7
Tourowsodeoxycholic Acid TUDCA .41 4.3 1.53 41
Towvochenodeaxycholic Acid COCA 1510 0.57 44 5.0
Tourodeosycholic Acid Toca 296 2.5 254 0.30

Taurocholc Acid TEA I7TRD 1.2 a13 a7

The EAD-based fragmentation functionality of the ZenoTOF 7600 generated by CID-based fragmentation. Previously, we reported the
system can provide significantly mare structural details than that identification of unique fragments for the bile acid isomers CDCA and
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Figure 6. Comparison of EAD-based fragmentation of GDCA and GCDCA. A portion of the product ion spectra for GCDCA and GDCA is highlighted, with the
spectrum for GDCA overlaid and inverted. Multiple fragments were identified for each bile acid isomer that appear to be unique and could serve as a
selective fragment ion during analysis [red arrows). The fragment ions with 777/2262.1403 and 316.1888 were chosen for GDCA and GCDCA, respectively,
due to their relatively high abundances.
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Figure 7. Resolution of bile acid isomers using EAD-based fragmentation. GCDCA and GDCA are bile acid isomers that have identical CID-hased MS/MS spectra.
Using EAD, unigue, diagnostic fragments were observed for each isomer (A and B) in a standard mixture (6.56 nM). Using the fragments pane in SCIEX 0S,
structures for each fragment, m/z 316.1886 and 262.1403, were proposed for GUDCA and GDCA, respectively (C). Using a 10 mDa XIC window, panel D shows the
improved specificity of the analysis for the two standards.

DCA [TN BA]. These isomers elute very closely and are respaonsible, in based fragmentation for these isomer pairs would allow for a
part, for the relatively long analysis time so that they remain truncated chromatographic gradient and enable faster sample
chromatographically resolved. It was hypothesized that using EAD- analysis. Here, we extended these findings using the ZenoTOF 8600
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system and leveraged the ~10-fold increase in sensitivity to
strategically use EAD-based fragmentation for specific bile acids
during sMRMHTr analysis. Figure 6 shows a region of the EAD-derived
product ion spectrum for GCDCA and GDCA acquired as neat
standards; the spectrum for GCDCA is inverted so the differences in
the spectra are more apparent. Fragment ions at m/z 262.1403 and
316.1888 were identified as unique, diagnostic ions for GDCA and
GCDCA, respectively. Other apparently unique fragment ions for each
hile acid isomer are indicated with red arrows. Having multiple unique
fragment ions may help with quantitation, as fragment intensities can
be added during quantitative processing in the Analytics module of
SCIEX OS software.

Conclusions

e The ZenoTOF 8600 system is ~ 20-fold more sensitive for

the analysis of bile acids compared to the ZenoTOF 7600
system narrow XIC window possible on HRMS systems
enables the MS1-based collection of data without the
inclusion of chemical background interferences

o EAD-based fragmentation provides structural
characterization of molecules and may abrogate the need
for extensive chromatographic separation of isomers to

Using the faster, 10-min gradient, the bile acid standards were ensure specificity

analyzed using EAD-based fragmentation. Figure 7, panel A, shows
the elution profile of GCDCA and GDCA using neat standards, with the
peak-to-peak retention time difference of ~12 s. The product ion
spectra are shown in panel B, with the diagnostic ion for each
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THRE, MEXEMETIE (LMD, Laser Microdissection)# AT [X
FEM S HF T EN B RS EMEAX NN E (1) .

THEEDNAFIRNA, ZBRBM RIS AT 1S, RN MAREEa3R
OB TOAREYIRERETUN, —ERABDIRHDTRE
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EE, BHIEEEPENEMETE,
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G, #HTDW. FRAOWEMHII TR, 23, FHMHRIL
DA ERERECEMIRL MzEDNEEERAEZS T
7375 ( Comprehensive Targeted Method for Global Lipidomics

Screening ) *

WIEAE: £IEEESCIEX 0S 2. 1PN EEINRE ( A
“Analytics” ) #T4LIE,

F1 2K M

2 HiE
&g Phenomenex Kinetex C18, 100 X 2.1 mm, 2.6 um

TRaniEA B2 mMZ R RER

RaNtEB B2 mMZERSER R B — SR (2:1, v/v)
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B ( min ) MmEtEA (%) wEhtEB (%)
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3. SCIEX 7500 R G A9 ik 551

B8 & B8 &
b i 40 psi TBRE 350°C
FHS 85 psi W= 70 psi

WEFSHBESR 9 BYHEBRE 2400V

=78 m L IRl s I 20 F 5 0T
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B (phosphatidylserine, PS) /A MBEAEEBE 22 E B ( lyso-
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BiH i ( phosphatidylglycerol, PG ) /& MEEBEEEH M ( lyso-
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MAG ) , HHMZ® (diacylglycerol , DAG) , HHB=F
(triglyceride, TAG ) , FEEIEEHEE ( cholesterol ester, CE) , ##
28t ( ceramide, CER) , ZEMHAELHE ( dihydroceramide,
DCER) , BEMEHHABAL ( glucosylceramide, HCER ) , FLEL#
KRR ( lactosylceramide, LCER ) , #EAE ( sphingolipids, SM ) o
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Laser Microdissection-LC-MS/MS Method
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ETHEBRHVIE- BB ARANHEF AN SEES T E
High Throughput Analysis for Trace samples based on Laser

Microdissection-LC-MS/MS Method

TR, WRE, AFE, BRE, HBLE
! SCIEX T E A FF L ; ° R E R

*ﬂgiﬁj : high throughput; trace samples; laser microdissection;
ZenoTOF® 7600
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RWALEHRZENFNN X, TEEHEESTEDK
A REYNEBEL, RSEXNAREENRBRENEN
®B, FEATRUFBRERLENVIE, ELEEFRF ;
BAXEM—ATE, BRE R RESEMENMERIER - A d
BERN, MERKENTL, THSEFDABRZHER. | i
EARARESBISMZE, HiEs s mimEeamEE b | o
RARETRS, S EMIRENRN AR AR BT DB
FEREFNER, EhASEEaENRBNESATETY, T
BRI B A RS AR IR AR E R, At Bl R EEHRERNARABIULNERDARR . HFEHRS

HEE b G RS Y B AR BEHENEEIE I ER R EER LATE IS xRt
PRRIER T R R R SR TRY, TEETARLENE, MNTREVEEH. TR0 BE.

RHERBHAFZ TR AR ZHE MRS B PRI K 2T REUER
PR, TRBAERBEEEA, MHEFEHRREMNERRIL
MEMEME, 3k, FOLEMIBIEA ( Laser Microdissection, STk
LMD ) fEAERBRAZ SR RRAREREAR, ZETZIA
o, FAXBE AT BUSH RE RS M R TET IR, N
MRS EN S AL MR £ MK —a8Em (E1) o

ATELRXEARELD, BER, AURET M INER
WERBHARMBERARSHITLIEAR, FEEASBEENS
REUERISCIEX ZenoTOF® 7600/ % & St 1741 2B A B T 2E B9 4>
#, BREEMERNHMXERHTEEAERNRSESEI .
ARIEAHERMANATBEERE, o RUCNUEI395 MRS F
349N R, BT EEREMNTTM, TINIIMMEFARN—XK
B, —fMurdhiE, ARESASMERNEERER, BATH BARRAFERGEE: ARILREBIEMARBITHER
ENARNNBEEZEMNBE, HEEMEFANTAETZRE  F, VRNER 4w ETHK, BENIGMKE, FER—KY
2%,
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RER=AEERENHTENFEERESHT. BHEFH
ARV HABTHASHDBEY S, BYORREPRRE, H
EEATHBRNER. EFAENVIZER, AHFHEXSH
BFR#HTIE. VRIEME, JvORPCRERY, MEREINE
EEEHR, MEESTRENERIEE.

HmiRI: EEHRMPCRE fEvortexF k%555, HAB/NE
BUOERENSBOEER, INOTHAEZEREINRBUAH. %
PIAN25 uLK, KR REREEK; BIN30 uLFEEFI100 uL FAEM
THEREE (MTBE) ; JRKE, 14,000 rpmE/0:10 min; LEMTBERE
100 uL, "F, souL FEE:Z&EH IR 1B R ERBEH/NRF
FFLC-MS/MSH AR ALY ; T EKER40 uL EFH/NEFFFLC-
MS/MST TR BL 7 o

LC-MS&MH: #FMiBidExionlC™R Gt EEZenoTOF® 7600 R 5t
PATRBRIE R D L ED . HERDITEMTTFR1-60

BRI, RIGTEIRRITSCIEX 0S B33 NEN. T2
88 (A “Analytics” ) HEITAIE, FEREIRES S MSDIALFISCIEX
OSSR EEHIE

T RHAZ-BITEY

5% &

& HSS T3, 100 x 2.1 mm, 1.8 pm
TRANAEA £0.1% FAR97K

RaNtEB £0.1% FARIZ B

TRIR 300 HL/min

R 40°C

HEHARR 10 uL

2. KR BERY

BfE ( min) TEHEA (%) TEHEB (%)
0 99 1
15 99 1
13 1 99
16.5 1 99
16.6 99 1
20 99 1

RUO-MKT-02-33007-ZH-A

3. R iA%-SCIEX T600 R G I RIS 5

B8 i 8% i

SHR 40 psi B 550 °C

Eh= 55 psi W= 55 psi
WiEEFSHES 7 BFWEBE  5500V/-4500 V
EHEBE 60V RiERE 30V

T4 ERAE-BIERMY

&% e

&g Phenomenex Kinetex C18, 100 x 2.1 mm, 2.6 um
mENEA &5 mMERRR $2 09 R BE: Z BB 7K (1:1:1 v/v/v)
mENtEB &5 mMBERR$2 A9 7 N ER

ki 300 pL/min

R 45°C

WA 10 UL

R®5. BERAE-BERMY

BFE ( min) HEHEA (%) mEhiEB (%)
0 80 20
0.5 80 20
15 60 40
3 40 60
13 2 98
14.5 2 98
14.6 80 20
17 80 20

6. BERA%-SCIEX 7600 R4 RIS 5

B8 HiE 8% HE
SHR 40 psi TBRE 550 °C
= 55 psi HER 55 psi

MEFSBRES 7 BFHEBE 5500 V/-4500V

EKFEBE 80V miEREE 45 + 20V
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NG

o ARXFFMTBE:CH,0H:H,0 (10:3:2.5 v/v/v) IRBUA T, FIA3EE
HEMAKNREHRS SERASBTESES T, 128 7T HREMH
KN BEMESE,

o ACGBII AR A FHTHOL B RIIBIZRE S B E AUEFH AR
BHFEA, I 5SCIEX ZenoTOF® 7600 R SR &, SSHHEARL
HRNEERTENRES REERFH .

o MFE—WEHNRRAREIEERAY, 2FRELNTH
#r, D AEEEE BT 300 RSIFIBE B S, WERTIZA
SRIERRIEFRN T EM,

o TTRLHERERESHARNATHEMBEAR/T AR, B
hzEREEEARNEE.
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= [ R EF T A RIEPMEREME R B

Spatial metabolomics method to characterize heterogeneity in

tumor micro-environment

ThRE, BE®, HLE
SCIEXFE, &AZfFHI0

Keywords: spatial omics; metabolomics; lipidomics;
heterogeneity; tumor micro-environment; laser microdissection;
ZenoTOF™ 7600

MENEZRGT SEARBSERRESHAEMHIEER X
RASh, EEMBEHMIMES SR, ERET, ESARPINEN
MABE AR RO, FEARP LR BBEFAOMINEER
BABMNEIET, BHNERMENMBERNFZ G MMBHIAE
ML, TRESBARABXENER. BEERKRESBEN
WA, #meE SR My ANE R RMERE R AMNTEE, X
B RN TR R O] A RE R T R R B

PE IR RS T B A B AR R RE. ENNE
NRFESEME=E LERAEN, BENFHERERERNE
Bk RRMFISREABBE FHIDW . GRMHIH R A
R, MERFHRES. BERENZEES, NERHEER
TN, XETEER MM IERIENETT R & RTE
m, REFEREEMAENERRTR T, TRBLTWERM
FYIEEE R ME N R AR M. KRB R BT R 8
T R R ORI A 7 R

FRHEPTEARZHRT BRI REEARE, T
FREERBEEEHBA, MNEFRRREYNERFRUERENRE
M, AAVIFHHERREEAENARMEE ZHANA,
HEEHYIE (LMD, laser microdissection ) AR O] I F{E H X4
ENAAXENEHRDE. £65 REENRRBEALUER,
T 2 Bl E AU M M X A ASHE T2 AT MR

LRHE

HRGlE: dSrnimBEARYAHARETHRRLMDTAE
ERNFEME; FRRREPRE, HEZRTABEER.

RUO-MKT-02-15648-ZH-A

TEHREGERETERE, BUSEHIZAXE, #TRLTIEIMN
ERE, BEAERDFSUENABXE; EFE5EVEER
(~20,000 pm?) FFERHETVIE (E1) o MEIZRE, JVDHEPCR
BERY, AEREANZEEEEE, HIEEEPRENEREE,
HIEFRBLI0MBARNRMR (251 ) « R20%E (1863) . 52
SEN (134 ) HAHf4elh, BE—HEFTHOKKT A LR
LB B EEARBTA S FIRE RAZF 5.

Bl ARVAHABTRLEMNIDBEGE. EULFRE-FL
(HE) XEMEARY A P ARKENABRE (£) BFFREARE. R
BMEFME, EETHREEARYF hOEN ST M
REDEE(H) .

HmiEW: EEHRIPCRE FEvortex T Hk3%5s, A/NEE
DM ERERBOCEER, JVMTHER, A5 uLIRBUAR
(REFAZFFEARFEE 25K 2:2:1, v/v; FERAFEHR S Hl:
FE2 1:1,vv) , IRHRS, BF15 min, BUEELIRREYS
EHFENERFLC-MS/MS o

LC-MS& M : # & IBiTExionLC™&R Bt BB BESCIEX ZenoTOF™ 7600
ARG TREYMEEME FRIEY .

BiRahIE: HURRIISCIEX OS M3 1FHMEM. EEIRE
(=i “Analytics” ) FTRIE,
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T RBHAS- B LM 5. SCIEX ZenoTOF™ 7600 R St U R 41
8% & % g 5% g
B Phenomenex Kinetex F5, 150 X 2.1 mm, 2.6 pm W 35psi RERE 350 °C
MEN1EA £0.1%FERAYK N 55psi MBS 55 psi
maiEB B0.1%FRANZAE NMEFSHES 9 BYBEBE 5500 V/-4500V
pbES 200 pL/min EKHEBE 60V wiEREE 35+15V
et 40°C
HAFHATR 10 uL )

L E

BRMEPRGVANERSH, BEREEADRME, B

R RS
. (B l, (RS F— G LA M SEIE, Sk B

mE ( min) wEhHEA (%) mzhiEB (%) X, SCIEX OSER{F o] Bah fTIE RIS E, BT —REELR. [
0 100 0 g BRI TR TR A AT ) (E2)
) 106 . EFERRREAR, ERBASOEAPRERIMEEY,
BERERE. ZEE. BIR%E, BIFRES,
13 2 98
14 2 98 R
14.1 100 0 e S ¥ e
(-]} om TR T T
18 100 0 e e e e T 4 e :?.._‘-':_".:'." BT ERi
®3.ERA- BEH - - gl =
- P il Pt e | |
S8 {8 : |
Bttt Phenomenex Kinetex C18, 100 X 2.1 mm, 2.6 pm I B - eI _ frir
HENTHA B2 mMZER IR R ;‘;:_.__”_-._. R ey | DT
MEITEB 22 mMMZERSER R EE: Z & IR (2:1, viv)
E 300 pL/min M2 RISMETRERG. DA LRI MMER (Proline) 5,
8 45°C Proline?> F X ACHNO,, #NEIMMSES SRR RAMILAL, RERR
o Z4-03ppm, BNZEELEERERZENL3%, MSMSSREHEF
~ opt Proline AR M EITRZ A 100, Bl T H 425 1915 HProline.
o R BRE EIRRASHIHAT L LRI 0MERL Y, BT
i@ ( min) FEEEA (%) FiEhHEB (%) ZenoTOF™ 7600 R G5B B T AL E (EAD ) BER, T
S o . e H R — SRR A MR, BRI S R Al
L o s I8 (snidisn2 ) MR EZENNEMEHBRNENEAVNE (E
3); NFHARPRNVENERCEDEEEERE. HMABR
13 2 % % RMBASIEME . BASIEME. AMBISZEEE. BiEZ
14 2 98 BEpRk. WEEBAES 2. ML EERY. Wlsk. HmTEEX. H
14.1 95 5 H=Hgk,
17 95 5
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: T6(18:1/18:1/18:1)
Ko A A [M+Na]*

T o

. ¥ § § ¥ ¥ ¥

s

s

s
£
s
£

E3. BReAYBALEMEERE ., DEHB=B8TG (18:1/18:1/18:1) 41,
FEEADRZUER T, LEMIM+Nal+ET D= E MR BT, @
HH=ARERSEFNEEMNREBRAR, MRS X = £ s
CH2WTZFE / H E AR FEAALE ( CoFIC10/8] ATE ) -

ERREYH T

FEREFEA (quality control, QC, FFEHAZAKIVRES, &
Do HR R EeNMEARFH —EQCHEAMA ) R AEIEER
RSD%AR#BIF30% (n=8) , FERBIAFFEARF G H 100K B
W, BERASEHEARERH02 MG, B XL EWER
FHHABSHRARBAR. RERAR. EEERHETERRIE
.

BREBNEMARFLEYEEESHITEDRITEI T,
PURiARE AR s BB ER A, IHRMEXSXAMALRNESR
R, Mt-1£5p-valuefE/NF0.05 A X PLSDAR FVIPEAR/NTF
AR, WXFEHARANX S, HHKEeaMEFREY
(E4) . EEREH—FEYFRIE, WEMNZEFAEY T IAE
MAREAREZSNEMRFRENBER S TE, EFNER
BlaNMEHBHNERENAE. BREN. WHMNEEMHERE
BRER, MHlIEME LA RTT TR,

RUO-MKT-02-15648-ZH-A

E4. @REARA.s EFARNHEZRIFYVHE., BEGIHEIN,
Et-testiIpfB/NF0.05 X K PLSDATTEAIVIPERNF LEATBIR K4, KI5
T8N EFRBEM

NG

o BIEMARY A H#HTELERVIBFER S B E AR M ER
7K, FF5SCIEX ZenoTOF™ 7600 R ZHELE S, EMMEMAEKE
MAEAMREMNEERTNRS REELFEHT.

HFLMDTRSGER “XERBHHE" HA, #TsBENE
. SRS YIE), T DOREMTIBMEEEE . KNSFEIRAA
4, RIE T HENANSBEEREHKE.

«  SCIEX ZenoTOF™ 7600 &R St 3T R o] U T AL ENEE,
THEEHEMNEADERF A, Ul RAEMBME
TR, FRERENEEER.

o TTREARNATHMARYIEHEAR, BHSEASTRNIT
=8
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MEMIRLE T B FURIE R AL S SCIEXS 7 HRIEN A T1HE
WAERY] F = E R EFE
Application of MEMI Desorption Electrospray lonization System

and SCIEX High Resolution Mass Spectrometry in Imaging

Metabolomics of Plant section

HEE; WRE; BES8; XKE
Xiao Mengging; Zhong Chenchun; Long Zhimin; Liu Bingjie

SCIEXZ A FF ALy (L7 )
SCIEX Application and Support Center (Shanghai)

Key words: imaging mass spectrometry, plant section, MEMI,
spatial metabolomics
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MEMIENESBFUREREEETEHREEERENEE
BFARAR, TREIEX R EARRE RN, MRS RS
MRENEE, T FRE. MEMBNEEEBTERSES
FEAFH LIERE, BAR-MTEAR, FTERERESR
WEHRERLIN, REECEE, L TRARRNESERERT,
HERBHMIFERTFREERY, NTIIFEDFBEF, #AR
EEEEREES (E1) .

R G AR TR R AP BT 29 B AR B R X R
FENTEREBER, B2, FREAEEAESY ERE
WRQATEARROTEUEHT, ATEEDBRLORE  FiEis &
WESHRAND TR, BHTBFMAS =R A
BRI A RIS,

E1. MEMI TEREREE

AAFERGERPLTREAER, hABEERNELY
HIRB, TRENSESLTR. FAK, NEBRRENEHRE
ASCBIMEMIRAI R B T UARRGE SSCIEX ZenoTOF®  grrig FmmAsSERRY, WIAERENSR EMEMRE
7600 D HRIL R G A, WHRY R FEARIITRATUE K GE SE, EERENF. TRERE, (BN EEE SR
T, AR L&Y I E AR AR S5t T o AL BB 24, R R, BRSSO REAI S B AR R, SRt
ANBERENARATEIRROZEUEDN, BHTHRX  greTH,
REMEDERRRBELE,

MKT-34548-A
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e 2
MEMIBAL[E S B FIAL B RS + ZenoTOF® 7600/ 7 FF A IE &
%

FiEFH

1. RN —RRESEETOF MS, m/z 100-1000, accumulation
time, 0.25s

2. FERESSE. ISBE, 3000V (-3000V) ; ®WIES, 7

3. MEMISR: 1mPam4iEm =

4, MEMIBF: 20.1% =HZBNFERR, RE

5. A,

10 UL/min

100 um

SEAER
L.MEMIE (G IRIE T2

MEMIE & 5ZenoTOF® 76003 ERME, FEBIITHREEAL
BERIAZE, FESWALEEE. BN, gEITEREFX,
WERBESHABRELEE, AREARARED FEMFEN D HEE
A, IAREA %, BIAREE. KE. 5E. MARMAR
BEHALE, FTOF MSHESAEENRE ERSMIERN .. XK
E, FUVRETHEREG, NEER EOEAT A H#TENM,
BRERRNEZ VS, RIEEATFZeETEMXEH., B

MKT-34548-A
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R, FRREARSH, HRaUBRERTE, LBEER
BT XTI R BB PEE, FTRRRE T VTR EA R, &
ERMEHTEM-EMRE, ERHERVTRABERS, B
TR REEIER R

2.EGMARY R R AT

EHTRED I ZET, TXZMABRHATERNRBFALE
23, BERAEREKBRGHITENIT, MELEERENE
MAEMEBIRE, MEMEESBEEIEE# TR LR E Y,
AIBFREIFEANREREY N, RGEENS, LSUNEE
MEVMEES, ERETREPFENERAE. RENREFRR
Mg (E2) o

‘ih H’
g B

L -0k o T

. ' =
\

E2. B RIS RA R ZAR Y o R E

MG

AR AMEMIRALE & F LA R R i F1ZenoTOF® 760043
BRI ARG EDART A R SRR TRERALS T, A
FEREFNRAFYRETZEFPFAELS, A THEDER
BTSN WENTELEST, HEDERPREFVEBERH
BENGHRET - EMERNBRARE, ZNATY REEY
MEKKE. ENG. RREMENUREY SHENEEER

SR,
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MEMIJR L [E] 5 B FH R R G 45 & SCIEXS 73 #F BTt M B F /)

RALY R Bz ERBIEZ

Application of MEMI Desorption Electrospray lonization System

and SCIEX High Resolution Mass Spectrometry in Imaging

Metabolomics of Mouse tissue section

BEE; MRE; ZEE; BE
Xiao Mengging; Zhong Chenchun; Long Zhimin; Guo Lihai

SCIEXZ A FF ALy (L7 )
SCIEX Application and Support Center (Shanghai)

Key word: Phospholipid, Phosphatidic Acid, Phosphatidylserine,
imaging mass spectrometry

515

R GEEAR—MES T RIES T NZ GO FRE
AR, FFNERFERT A #THIERSE, EREEAFARE L
EYEEFELSNER, RTNEENFEBSEEEAHRER. Rik
HEBARZEBEADETEN A=, ERBECBRITEER
TR (MALDI) « TREFRIEME (SIMS ) MBTEHRER S
ik (DESI) o

MEMIENEZBEFURERERETHRESERENE
EBEFUSA, TREIEX R BRSO, RNEARFR
BYRNENEE, FHETOFRER, EEYERNRREMERSE
M. AMEREREY. S, BRES BN (X DAL
BSER ), IMBRREEBDISEY O ( BRSNS )
FTEEERRMARN. MEMIWEERBISERS EBFEEAH
FEERE, FUS—BTRER, FrRERkmBEEEYE
m, REFEREE, —WBTERAERNENRKRE, H5FRE
NP FERTFEBRY, MNUFESFET, BARIESES
BEES (E1) .

AXBIEMEMIRAEFZE FUBER RS S5SCIEX ZenoTOF®
7600E N RRIER GBS, SWARY R HARTEMRIEKGE
W, PSR ML EDNEERAREHTIALE G, &

MKT-33672-A

TR ARU SRR, ZREMEFREY, HEsmAs
AEDPFRE—DEHOTRLNS, BN THREEERNH
58, RAERENBEEMTSY.

E1. MeMI TEREREE

FiEER

L ATFERGEEFEREAER, BAFTEERNERS
%, TRENRESER. FAN, (XEBBRRIENERSE
TR, THRMEZSHERRE, BUFERENSR EMEMIBE
B, HTHEAT. XRTME, (RFEJLSHEITE R AKE
BIE-FUE Y. TREBESAPHPUEN = FEERTIUE, TH
EMSEETF.
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2. MEMIBEMREMNEE, FHERNARMNERBEHATLER
g, ERURIEE, REHERNEERER. HLLERNBRIE
BWEE TR, MEMBITERESERENEHNEE, At
FEOMIBFESRIENBEFEHMEEY, FAUETFH
AX, NiREREE, ¥ RIBENITOEE.

LR &

MEMIBRALE 2B FL AR B 5k + ZenoTOF® 7600/ 70 B BTt R 4t

T T e
FiEFEH

1. BN —Z FRESEETOF MS, m/z 100-1000, accumulation time,
0.25s

2. BOERSSE: ISEE, 3000V (-3000V) ; SAHSCUR, 35
psi; ELSGS1, 20 psi; HWEISRGS2, 0; BFREEH0; &

5, 7
3. MEMISR: 1mPa 54iES
4. MEMIBF: £0.1% FERAOFESRE, REL0 uL/min
5. ZEIMEE. 100 um
=
IRER

1. PEARIERE SR

EREREERE. ARBREANARESBRIETEAEEE
REA, HEAERE. MERGKRMNERERBRSRKERR
NEERE. R, #REVARTERNENSEN=EH
T, BEMTRAANRRBOEYIRSY . ALERRAEARPF
ERMRFBEFIRPEFURERME, RSN, AF~EKE
W, WINAEET, EHREENR, AT EERBINESEEE
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o, ARBE#—SRSENIEE. FHiEE, AL FE
F0.1%REA MBI FERERF P, FRS 7 RERAEMEMIFHE
FARE, E2AERIZA A NBEB ZERNITIER, KX
LGS M EI 89FHPS,

LPS 20:5 LPS 21:0

L1 :ﬂ f .
o > '

PS(P-16:0/18:0) |PS(P-16:0/20:0) |PS(P-16:0/22:1)

E2. BoEEAER L R BPSTE/ NRAR T A H AR E

2. HF4R (wr) FIZERIRE (KO ) DEIARI K Z5F
LB H
EXHBEAFINRACARESREYNREE, ¥RT
BEMNATYHEE, A7 88, BETRIA—PETER
FERMBRE/NROMARYI A PHTEUER GO, BEBDT
FOERMGRARELAEFARDEFENRHELAT, BEFEER
R, WIHEAPIAGNE| 16404 R, KOMF AR 402 178%4
YR, HPABAERNGEAIHEREP —BNRS, B
VIR AZER M. E3UMENNEIZFUEYAWTMKOA T
MATTER, URAERARYIF PARRKBNSHER

PC(0-16:0/20:4)  PC(18:1/17:0)

SM(d20:1/20:5)

P -
n &

g

Cholesterol Oleoylcarnitinel Vignatic acid A
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AR AMEMIRALRE 8 TR R F G5 1 ZenoTOF® 7600154
PR RGN NYARY A RTREREEMEEST, BIERIGR
BREFES, EMREATRIEWORGSR, TR EF4ER
MEABBRENRRERT R OO, KNTERMEAZ 67T
HEREZ BN HEROREY, KIETMEMIT] ER TR AIEE
ANrERAEWNTE, ARGAZNFTIRE— B MERH
Rk B,
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E FSinCell-100 —— Zeno TOF® 7600 & B B 4 B4 15T B 5 5

EEiniz

Complete process of single cell metabolomics analysis based on
SinCell-100 and Zeno TOF® 7600 platform

BRRE, £B17°, FRH, S, &

OXKGE!

Junmiao Chen', Ganggui Lou?, Angi Chen?, Dandan Si*, Zhimin Long’, Bingjie Liu*

! Sciex K AR AL, HEH
PR IEN T OB R ERAD, FE

Key word: Single cell; metabolomics; Zeno TOF® 7600;
Sincell-100;

518

RFERENRGEY SN, BEEUTEDTEDE
WAERSMHEER L. ERORIFEFREANFEARER
MANR, EARZEFAERENRRA. EHFARITIER
BAERT, E—IR BN B M o] e BHA AR IE N T 19 B M
=, BUHREEmBENITNER.

BHRKREEFERBALERNENG. BAMREEZ A
RERREMERITIAR, EENMIBREIIL T M AR
D, BB/ TEEHTREABIFIEEEMERENERRE
B, EMRENEMERDVNRREAERNEE, R, BTHE
YITEY 1, BRANMBEBRENAT AT REYIRERR,
ERRERT RSV ERDITEERK. H5, BAMITITE
FHE Ze Mt 0 BB AR DT R TR E & X

ARSI T HTFSCIEX Zeno TOF® 7600 144X T BSinCell-100
MEMERERNTES, XU TERY. SBRENEABKRE S
o MU TRISIinCell-100 R AEM AT AL, T2BNMTER
THARFEMBEN. RARER, RABBREBSFLERLRT.
SCIEX Zeno TOF® 7600 R Gtf9Zeno™ trapi AR ol #= H#81390% 49
FER, BERAZRFEREE, REUEEMNESHIMS/MSE
B, A RERAHAYEESE. B, ETZEMBTES
SR AMET TR, BT —EXBNRMEARIEAS
DIRE, ARRERBRELRIG. AYNTMEAETRE
A,
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B ARSI B

* SinCell-100& BE B MR IBR G ET BMBENL. BFHH
FE. EARBEREEINE, B 7 2MRAES AT IERT
R FIRRE o

+  Zeno TOF® 7600 B BN HZ ERNAAN ( MRM™ ) HFEFA.
Zeno™ trapE AR, BERAT _RRIEREE, REEMNES
FIMS/MSTEEE B

ETFsinCell-100—— Zeno TOF® 76008 MM EIE T &, FEME
Btz AR R 6 260 TS, A EBHER 25 R RIE S
KRR T IR IE,

c BWENAARAEFKEEENE, UTEBNATEMT TEME
RBAFEFROEGRENERERSS, MAMRER
BEKEHRIIE,

1. #AARR RIS LB T & 424 SinCell 2 B RN B MIRRTNIE R G AR B 4G
EAL. REZER . FFEBEE; SCIEX Zeno TOF® 7600 R SRS 5 PR
HIEERE,
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LA E

BBt R ARSI ITRENE R, SERESREAR
HANIENG &, BHEBAREEN. BEINERT. BEE
R

B A KEAR R 40R0, MINEERETELL min, IIA3mBE
FREWFTHAE, FERGEEMAEREE; 2000 rpm#LiR4°CRILNs 434h;
FEEE; A mLEREMRAR, BEWITIEZAMAE; &
EERBEL. HESB2R, EEFHE mLARRZR; BH0T
¥, BABESZFRREREEL cells/mL, WE _ERMIEFR,
KXAR A ASUEES S MR ; ERIGEEREREMER
A, BIAEFRBEBEW T LN EMERSETRERR D, TR
FiE, BHERENEN, (F. EthERREA, HlanBARmE
B, SRR, RS BAERRLSE ARSI,
BS R ERRRES S MR R SN, )

SRR SpAmBRRiEIIRER SRR
HEFE
EL N

HEEIRRER

SinCell-100:
Zeno TOF 7600:
1. SURHATE(L - _
BURERER 1. MRMHBRISREE BERRZUR
2. ERYRREEREY 454
2. OSER{FLNE
3. ZEVRES

BEMGK, I
BT

allglioy o

E2. BRtES MRS TIRRE BT ARERTE. BARAQEYRR,
BRI R BESTERRE, SHEMBREMNSREI .

SinCell-100 25 fitl §ij %b FE 5% 15

KL T EISinCell- 1002 B 3/ £ AR AN R G 1TRAF,
SEINT . ZEBURINEATE] . 2s; ZEBURIEEESI: 200mbar; %
WA, 2s; BHEEEN: EEFRN; BHEFBE: +2.5kv; B
BEMAC: 40so

Zeno TOF® 7600 i & {4

FKAMRMTIRR, EREBETFRE, R EAccumulation
time: 100ms; TOF MSIF#SEElScan range: 100-1000m/z; S

MKT-33682-A

GAS1: 0 psi; #BISGAS2: 0 psi; A& S Curtain GAS: 0 psi; /&
& Elon Source Temperature: 0°Co Zeno TrapFF /&, #BHMRM™ S
#IRL,

R1. BB L AR YA S

Name TOFMS TOF MSMS DP CE
Choline 104.1 60.0809 50 21
Creatinine 114.1 44.0494 50 14
Proline 116.1 70.0656 50 13
L-Valine 118.1 72.0807 40 15
Cysteine 122 58.995 50 29
Creatine 132.1 90.0552 50 14
L-Isoleucine 132.1 69.0697 30 30
Leucine 132.1 86.0965 50 13
Dl-Asparagine 133.1 87.0995 40 13
Glycerophosphocholine 258.1 104.1073 50 16
Glutathione 308.1 162.0218 50 21
AMP 348.1 136.0621 50 21
NAD 664.1 428.0369 50 32
NADP 744.1 136.0611 50 50
Pyruvate 87 43.0207 -50  -20
Lactate 89 43.0212 -50 -16
Fumaric Acid 115 45.0005 -50  -13
Succinate 117 72.9723 50 -12
Taurine 124 79.9598 -50 -18
Oxaloacetate 131 86.9965 -50 -14
Malate 133 115.0063 -50 -14
Isocitrate 191 117.0213 -50  -19
Citrate 191.1 87.0114 -50 -22
D-Gluconate 195 129.0221 -50 -17
Uridine 243 111.0069 -50 21
D-Glucose 6-Phosphate 259 138.9447 -50  -40
Glutathione 306 143.0477 -50 -19
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ARFFZRE LT SinCell-100F1Zeno TOF® 76008 3 49 8 40 A /i
ERNES, LT R2MABPREYHNSES T, ETZFEEY
TCCSUP F1 TCCSUP-CDDPRY K AR BU 3 47 7 SR 4MAR/K A9 5E
EH, FEESRMEFRIEY. ZMTEABRERNA TR
R TEIEXE, hhERRZERIEKREZTEH O E R MR
BN BRESE,
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ETRAMAEMIEEES REE KRERA S T EREMER
151 ZRAIE
Metabolic characterization of the tumor microenvironment based

on flow cell sorting combined with high-sensitive LC-MS analysis

HRE, EEE, KK, FBE

-%aa¢@ KA FFH
_f d#ﬁtlﬂ%

Key word: metabolomics; flow cell sorting; MRM; LC-MS; tumor HmEW: EBHSEPE RIS uLiRBUAR ( FEz:2

microenvironment; BBk 2:2:1, v ), IRERS, #BF15min, BIOEBEAERE
& EH A NI FFLC-MS/MS T

PR IR T SR R SRR R 2 B & PR Y AR T R R 4 AR LC-MSEM: FERiBITExionlC™ R SE R BESCIEX 7500 R 48,

FERBENEHENREXREREN. ATEFEXRNEMRERE o047, HROFEMETFRL. 253,
K, FEMEXA—FMRERARSTT X ESHBERTERE 2R
. BRE. REEFRMR. REREMHMEREY ., XA
FFMBERNEFMEE, BRNTRRABNEFNRMNE
WA WMEEGMBHEEMANASE, Mgk BHR. f&

BRI £IEEIESCIEX 0S 2. 1PN ERINRE ( A
“Analytics” ) #iT4LEE,

®1 BIEFKM

REREEENTL, STRERRABHNAMBIYAFTER

BORE X 2% e
SHEEMRBREREANE, LRITERWARE., oo Acquity BEH Amide, 100 x 2.1 mm, 1.8 um

ERRFHEERHBERAREMARTHES BB TERMNE  AEA F10 MMZBEHIK
BRERBHANR, WRHERRERSNOAMER, RE  hshis £10 MMZBREEZFE7K (9:1, vv)
AOTETENDE, WRIEREL SRELSEMALAE g 300 uL/min
MRESEM, #HMMEELEHR—EF M, Beckman CytoFLEX - 20°C
SRTAR IS LR —FETFIEE N RER NS, EWRS

HEAHATR 10 1L

EMDEART, RBSR. SHENDELEBERR MK

FRBRE R FETHROR EROBRE, STh4) 1 Y 2 THAE 40 ARG 3R 2
FERGTRANARE, FEEEEGRINEERE, TikEs R BEFRMSF

RYERRBKARANBOEI, ARARAETUTE. A

i B ( min) FHEA (%) B (%)

B AR BHI B A% A o 8 T 4 S R BIR AN (T 044 . BT SCIEX
Triple Quad 7500 5t, T/l 704 ¥k th 9 26 Th AL R BR AT A8 0 > %
AEAH, BY T HMERASH T AR S B RREAERTENT 1 5 95
R, MBRHATEaET. BELH SN EARE. 13 2 98
14 2 98
bl 14.1 95 5
TR A MFBAFIE S AE AR TE A RERIR A, 7 95 5
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3%3. SCIEX 7500 R ZE MY RIE S 51

8% Hia 8% Hia o oy g Wi

. . — - RS Ry 7 g BE

i 40 psi R 350° C (v)

FhR 85 psi WS 70 psi 19  Alanine 90.1 442 13

MEFFSHRES 9 BYBEERE +3000V 20  Asparagine 133.1 740 19

21  Aspartate 134.0 74.0 17

R CEHZE DT EE T 22 Phenylalanine 166.1 103.0 30

ZFERAET X B Z R BN (Multiple reactions monitoring, 23 Tyrosine 1821 770 39

MRM)E X BT ZMREDNERDRN. XFHBHAEHR 24 Dopamine 154.0 1370 16

ki, BB LEYEFREEREEREEN EE, mEE 25 Normetanephrine 184.0 166.0 13

. BRIUERE. ZRREXR. RERAHE, NREENEL 26 Diiodothyronine 5255 352.8 31

RIRFHBE T, WATPFINADH. H5h, $HNEFERZNFNY 27 Valine 1181 552 13

B, WEMRBHEEE FHLAY, T EEEMRMEIE BRI 2 2:0%0-3 MethylButyrate om0 2
HEDHIMRME T30 .

29  Methylhydroxyisobutyrate 119.0 87.0 12

B, ZAERENR, BETARNMNRKESTLE 30 Leucine 1321 860 13

PINIRR, T H P BEHMRMBEH ITHREMIL. 31 Lipoamide 2060 1890 15

. R EIVRME TR 5% 32 Methyl Oxo Pentanoate 131.0 99.0 10

33 Methylsuccinic Acid 1319 86.9 25

BS Rt gﬂ; E¥¥ gég 34 Methionine 150.1 133.0 12

(v) 35  Methionine Sulfoxide 166.0 740 14

1 Glycine 76.1  30.5 18 36  Phosphorylcholine 184.0 1250 23

2 Isobutyrylglycine 146.0 72.0 22 37  Choline 104.0 60.0 21

3 Serine 106.0 60.0 15 38  Glycerophosphocholine 258.1 1040 16

4 Homoserine 120.2 442 32 39  Dimethyl-L-Arginine 203.0 70.0 24

5 3-Phospho-Serine 186.0 88.0 12 40  Taurine 296.1 172.1 15

6 Phosphoserine 186.0 88.0 10 41  Cystine 241.0 74.0 32

7 O-Acetyl-L-Serine 148.0 106.0 14 42 Cysteine 122.1  59.1 29

8 Betaine 118.0 58.0 36 43 Homocysteine 136.1 90.1 17

9 Betaine Aldehyde 102.0 58.0 21 44 L-Cystathyonine 223.0 149.0 29

10  Dimethylglycine 104.0 58.0 21 45  Cystathionine 223.0 1340 11

11 Threonine 120.0 74.0 13 46 Cysteamine 78.0 61.0 16

12 Lysine 147.0 67.0 32 47  Methylcysteine 136.0 119.0 12

13 Pipecolic Acid 130.0 84.0 18 48  S-Adenosyl-L-Homocysteine 385.1 136.0 21

14 Cadaverine 190.0 69.0 10 49  S-Adenosyl-L-Methionine 399.1 250.0 15

15  Carnitine 162.1 103.0 20 50  S-Adenosyl-L-Methioninamine 355.0 250.0 20

16 Acetylcarnitine 204.0 85.0 19 51  Glutathione 308.1 162.0 21

17 L-Alpha-Aminoadipate 163.0 73.0 37 52  Glutathione Disulfide 613.0 231.0 35

18  Acetyllysine 189.0 84.0 23 53  S-Ribosyl-L-Homocysteine 268.0 88.0 31
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F4. L FHMRMEB T e TR (42)

RS i il €8 me b ialiets -
(V) (V)
54  Creatine 132.0 90.0 14 89 Indole 118.0 91.0 26
55  Creatinine 114.0 44.2 14 90 GABA 274.1 171.0 21
56  Arginine 175.0 60.0 16 91  Beta Amino Butyric Acid 2741 1720 21
57 1,4-Diaminobutane 87.0 45.0 21 92  Anthranilate 181.0 90.0 20
58  Ornithine 133.0 70.0 14 93  Melatonin 233.0 174.0 18
59  Citrulline 176.0 159.0 14 94  Metanephrine 198.0 1810 13
60  Allaontoin 159.0 99.0 11 95  Gamma-Aminoisobutyrate 1041 860 16
61  Putrescine 89.0 720 12 96  Tryptophanol 162.0 1440 19
62  Urea 611 442 12 97  3-OH-Anthranilate 154.0 136.0 18
63 Spermine 2021 1291 19 98  Hydroxy-Tryptophan 221.0 2040 18
64  Spermidine 146.0 1120 13 99  Glucosamine 180.0 162.0 18
65  Sarcosine 90.0 441 20 100 N-Acetyl-Glucosamine 2220 138.0 16
66  L-Arginino-Succinate 2910 700 37 101  D-Glucosamine-6-Phosphate 260.0 126.0 17
67  N-Acetylputrescine 131.0 1140 12 102 D-Glucosamine-1-Phosphate 260.1 162.1 17
68  Carnosine 3972 1710 21 103  Acadesine 259.0 110.0 24
69  N-Acetyl-L-Ornithine 175.0 1151 16 104 A.minoimida.zole Carboxamide 3390 1100 3
70  N-Carbamoyl-L-Aspartate 177.1 740 19 Ribonucleotide
71 Histidine 1561 110.1 14 105 Adenosine 268.2 136.1 29
72 Histidinol 142.1 95.0 20 106  1-Methyladenosine 281.8 150.0 27
73 3 Methyl Histidine 3402 1710 21 107  S-Methyl-5-Thioadenosine 298.0 136.0 29
74 1-Methylhistamine 126.0 109.0 20 108  Adenine 136.0 119.0 27
75  Imidazoleacetic Acid 1270 81.0 15 109  AMmP 3482 1360 21
76 1-Methyl-Histidine 170.1 1240 20 110 dAMP 3321 136.0 23
77 N-Glycyl-L-Proline 216.1 70.0 21 111  Deoxyadenosine 252.0 136.0 22
78  Proline 1161 701 13 112 ATP 506.0 408.0 47
79  Hydroxyproline 1320 682 19 113 Guanine 1522 1100 20
80  Glutamine 147.1 84.1 17 114  Guanosine 284.1 135.0 33
81  Glutamate 148.1 841 17 115 dGMP 348.1 1350 38
82  N-Acetyl-Glutamine 189.1 130.0 17 116 GMP 364.0 1520 19
83  N-Acetyl-Glutamate 190.1 841 24 117  Deoxyguanosine 268.1 1520 17
84  Phenylacetylglutamine 265.0 129.0 22 118  7-Methylguanosine 298.0 166.0 24
85  Tryptophan 205.0 146.0 18 119  Xanthosine 285.0 153.0 20
86  Kynurenine 209.0 1460 25 120  Xanthosine-5-Phosphate 365.0 97.0 13
87  4-Aminobutyrate 104.0 69.0 22 121  Hypoxanthine 137.0 110.0 10
88  5-Methoxytryptophan 235.0 176.0 22 122 Purine 121.0 94.0 19
MKT-32209-A
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4. L HEVMRMB T ENTI R (4)

e R il o . Rl a
(V) (V)
123 Inosine 269.0 137.0 14 158 Folate 442.0 295.1 16
124 IMP 349.0 1370 21 159 7,8 Dihydrofolate 4440 178.1 30
125 Inosione 269.0 137.0 14 160 5 Methyl THF 460.0 313.0 19
126  Deoxyinosine 253.0 137.0 12 161  Nicotinamide 123.1 80.0 22
127 Thymine 127.1 110.0 19 162  Niacinamide 123.0 80.0 30
128 DMP 323.0 81.0 19 163 NAD 664.1 428.0 32
129  Thymidine 243.0 1270 35 164 NADH 666.1 514.0 28
130 Cytidine 2441 1120 14 165 NADP 7442 136.0 50
131 Cytosine 112.1  95.0 19 166 NADPH 746.2 T729.0 18
132 CMP 3240 112.0 18 167  Nicotinamide Ribotide 335.0 123.0 30
133 dCMP 308.0 112.0 18 168  Methylnicotinamide 137.0 94.0 20
134 Uracil 113.0 70.0 23 169  Dephospho-CoA 688.0 348.0 27
135 UMP 325.0 97.0 14 170 CoenzymeA 768.0 261.0 39
136 Deoxyuridine 229.0 1130 11 171 Flavin Adenine Dinucelotide 786.0 348.0 26
137 N-Carbamoyl-Beta-Alanine 133.0 115.0 12 172 Acetyl-CoA 810.0 303.0 30
138 XMP 365.0 153.0 23 173 Propionyl-CoA 824.1 317.1 35
139 3-Amino Isobutanoate 104.0 86.0 25 174  Acetoacetyl-CoA 852.0 345.0 36
140  Amino Adipic Acid 3323 1711 21 175 Malonyl-CoA 854.0 347.0 28
141  Beta Hydroxybutyrate 105.0 87.0 15 176 Succinyl-CoA 868.1 361.1 40
142 Mesaconic Acid 128.9 84.9 10 177  FMN 455.0 213.0 19
143 Mevalonic Acid 148.0 107.0 10 178  Penicillin 335.0 160.0 20
144  Mevalonolactone 131.0 69.0 19 179  6-Phospho-gluconate 275.0 97.0 11
145  2-Aminooctanoic Acid 160.0 55.3 21 180  Glyoxylate 73.0 450 -22
146  Ethanolamine 62.1 442 18 181 Glycolate 75.0 452 -13
147 Imidazole 69.0 422 23 182  Acetoacetate 101.1 572 -14
148  Methylamino-L-Alanine 258.0 116.0 21 183  Cholesteryl Sulfate 4652 97.0 -39
149  L-Alpha-Aminobutyrate 104.0 58.0 17 184  Glycerate 105.0 75.0 -15
150 Cobalamin 678.0 147.0 52 185  Sn-Glycerol-3-Phosphate 171.0 79.0 -15
151  Pyridoxine 170.0 1340 22 186  Geranyl Pp 313.0 79.0 -18
152 Pyridoxamine 169.0 134.0 25 187  Farensyl Diphosphate 381.0 79.2 21
153  Flavone 223.0 121.0 29 188  Homocysteic Acid 182.0 80.0 -23
154  Biotin 245.1 227.0 20 189  UricAcid 167.0 124.0 -17
155  Thiamine Phosphate 345.0 122.0 18 190 GSH 308.1 162.0 ~-19
156  Thiamine 265.0 122.0 13 191  Glutathione 306.0 143.0 -19
157  Riboflavin 377.0 2430 26 192 Carbamoyl Phosphate 140.0 79.0 -24
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F4. L FHMRMEB T e TR (42)

B it Rl 2 m= fum Rl -
(V) (V)
193  Carbamaoyl Asparatate 175.0 1320 -12 228 Deoxyribose-Phosphate 213.0 79.0 -35
194 Maleic Acid 115.0 71.0 -13 229 UDP 403.0 305.0 -15
195 Parahydroxybenzoate 137.0 93.0 -21 230  Uridine 243.0 200.0 -21
196  Acetylphospahte 139.0 79.0 -22 231 dTDP 411.0 159.0 -29
197  2-Keto-Isovalerate 1151 711 -13 232  GDP 442.0 159.0 -19
198  Methylmalonic Acid 117.0 73.1 -13 233  GTP 522.0 4240 -23
199  Pyroglutamic Acid 128.0 82.1 -19 234  dGTP 506.1 159.0 -30
200 Citraconic Acid 129.0 85.1 -13 235 CDP 402.0 159.0 -29
201  2-Ketohaxanoic Acid 129.0 101.3 -13 236  CDP-Choline 487.0 4280 -21
202  N-Acetyl-L-Alanine 130.0 88.0 -14 237  Adenosine 5-Phosphosulfate 426.0 346.0 -22
203  Hydroxyisocaproic Acid 131.0 851 -16 238 ADP 426.0 1341 -24
204  p-Aminobenzoate 136.1 92.0 -18 239 X5P 365.0 970 -11
205 p-Hydroxybenzoate 1370 93.0 -23 240  Cyclic-AMP 328.0 1341 -33
206  Acetylphosphate 139.0 79.0 -24 241  3-Hydroxybutyryl-Coa 852.2 408.0 -43
207  Phenylpropiolic Acid 1450 101.0 -18 242 D-Glucose 179.1 89.1 -12
208  2-Hydroxy-2-Methylbutanedioic Acid 147.0 85.1  -17 243 Hexose Phosphate 259.0 79.0 -40
209  3-Methylphenylacetic Acid 149.0 105.0 -12 244 Glucose-6-Phosphate 259.0 97.1 -15
210  Hydroxyphenylacetic Acid 151.0 107.0 -18 245  F6P 259.0 97.1  -17
211  2,3-Dihydroxybenzoic Acid 153.0 109.0 -19 246  Fructose-6-Phosphate 259.0 169.0 -16
212 Allantoin 157.1 1140 -17 247  Fructose-1,6-Bisphosphate 339.0 97.0 -30
213  Indole-3-Carboxylic Acid 160.0 116.0 -20 248  D-Glyceraldehdye-3-Phosphate 169.1 97.0 -10
214  Phenylpyruvate 163.0 91.0 -13 249  Dihydroxy-Acetone-Phosphate 169.0 79.0 -40
215  Atrolactic Acid 165.0 119.0 -21 250 1,3-Bisphopshoglycerate 265.0 79.1 -20
216  Phenyllactic Acid 165.0 103.1 -21 251 1,3-Diphopshateglycerate 265.0 79.0 -37
217  Allantoate 175.0 132.0 -14 252 3-Phosphoglycerate 185.0 97.5 -35
218  2-Isopropylmalic Acid 175.0 115.0 -19 253  PGA 1849 97.1 -20
219  Pyrophosphate 176.8 158.6 -16 254  2-Phosphoglycerate 1855 97.1  -35
220 Hydroxyphenylpyruvate 179.1 107.0 -13 255  Phosphoenolpyruvate 167.0 79.0 -41
221  4-Pyridoxic Acid 182.0 138.0 -18 256  Pyruvate 87.0 43.0 -20
222 Indoleacrylic Acid 186.0 142.0 -20 257  Lactate 89.0 432 -16
223 Xanthurenic Acid 204.0 160.0 -19 258  Gluco-D-Lactone 177.0 129.0 -13
224 Lipoate 205.0 171.0 -13 259  6-Phospho-D-Gluco-1,5-Lactone 257.0 97.0 -22
225 Orotate 155.0 111.0 -15 260 6-Phospho-D-Gluconate 275.0 97.0 -13
226  Orotidine-5-Phosphate 367.0 323.0 -18 261 Ribulose-5-Phosphate 229.0 794 -26
227  Dihydroorotate 157.0 113.0 -14 262 Ribose-Phosphate 229.0 79.0 -42
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263  5-Phosphoribosyl-1-Pyrophosphate  389.0 291.0 -18
264  Phosphoribosyl Pyrophosphate 389.0 2911 -18
265  D-Erythrose-4-Phosphate 199.0 97.0 -19
266 STP 289.0 97.0 -12
267 G3P 169.0 89.0 -15
268 D-Sedoheptulose-1-7-Phosphate 289.0 97.0 -27
269  Sedoheptulose 1,7-Bisphosphate 369.0 97.0 -25
270  Gluconate 201.0 134.0 -17
271  D-Gluconate 195.0 129.0 -17
272 2-Deoxyglucose-6-Phosphate 2432 97.1 -18
273  Glucose-1-Phosphate 259.0 241.0 -16
274  N-Acetyl-Glucosamine-1-Phosphate  300.0 79.0 -34
275 UDp-D-Glucose 565.0 323.0 -25
276  UDp-D-Glucuronate 579.0 403.0 -26
277  ADp-D-Glucose 588.0 346.0 -24
278  UDp-N-Acetyl-Glucosamine 606.0 385.0 -28
279  Citrate 1911 87.0 -22
280 Isocitrate 191.0 117.0 -19
281  Aconitate 173.1 85.0 -17
282  Oxoglutarate 145.0 101.0 -13
283  Succinate 117.0 73.0 -12
284  Fumarate 115.0 71.0 -13
285 Malate 133.0 115.0 -14
286 Oxaloacetate 131.0 87.0 ~-14
287  2-Hydroxygluterate 147.1 128.7 -17
288  Ascorbic Acid 175.0 87.0 -19
289  Myo-Inositol 179.0 161.0 -17
290 Pantothenate 218.0 146.0 -21
291  Thiamine Pyrophosphate 423.1 302.0 -21

MKT-32209-A

RipAFSFTER

B I X T 40 B o 1 (U B ) B AR AR B AN IE E AR T R A
AN, WEHPEENREDESEHTNE, EFKITESH
(ttest. fold change. PLSDA) , ffitt=RRIFY.

Ei EFRHEAFSTHERRBRE. £, TR DTE, CLLAREMN
M4, HCAIEFMBA, MEMADITETUNES, EEZFREFVRILLN
ERT, MARBEATINEZENXS; 4, REBEESR, ZRONSE
MEPTFAEXHNRGIBE, W=RREL. BEREBRIRS,

EFNENREYEMEMEMEEMRETSENZESR, K
FHADHE (PCA) TTINEH (WE1E ) , EEMEAAEMA
BOREYEEEZR; REXLZRREVRTBEEEST
EZW (ELA) .

L ]
[

E2. =K REMEEIEL, CLLYRMIEA, HCHIEEMARSE; WA
Mz ESHEBREEXNHIULEDEEZER, NEDR. THERSE
(*,p<0.05, ***, p<0.0001) o
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XWAGRZ EERFHEXBEEEEER, MEBEK LM
HEXAGRREYEELEREEZR (E2)

Mg

@i¥Beckman CytoFLEX SRTIRTL/E R G5 SCIEX 75005 55
RYERNBLES, LUBELEMRSESLRRIFAS
gl

Beckman CytoFLEX SRT/R T/ E R G BT QIR A EEE KRR %
I, AERARENTIRT, TLUEE. SXR8E. 54
E. BEMEAMERINMEERS T/ OE, SEIFEE
BRI/ MEIRHTR,

SCIEX TS00 R L FN R MERIDREBU SN RIFEE, B
MNERAREEES S EARAROITREEERESH
CNRE, RIEZENMETERANEREREF DT AT

ot
REo

TR RN BT HMARREDERER, BNBERSA
FHRMIEREFEL TR
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Nz FISCIEX Echo® MS+ & % X4 & ¥ AR R B B B ik & 1 i3t 1 TR
R

Rapid Analysis of Lipids Components in Biological Sample by
SCIEX Echo® MS+ System

HEE; RE; BS8; XKE
Xiao Mengging; Zhong Chenchun; Long Zhimin; Liu Bingjie

SCIEXRZ A FF L (£ )
SCIEX Application and Support Center (Shanghai)

Key words: Lipids, SCIEX Echo® MS+ e g

SCIEX Echo® MS+R Si+ ZenoTOF® 7600/ 73 # il & 5t
518
JERUEMEREENEYF I, Rk E, &
RENFARREFRER, #—PBIGUIMAAEFEE
HEZEFNUEDNFEROREREZARPEREM, LEEE
ZNMARFRZ— BEINAENANES, MIERMERTE
B FBRERAS SR, ARMBENEEREXER,

RGENRBEIEREKARABTEREZS T, 80
MASMREANLTD M. M TFREFARE, XM ENEEREL
5, BEtSEETFREE. SCIEX Echo® MS+REXRARK KA
AL S B2 RREMEIEIRI, TTFHE ZenoTOF® 76005
%, SYFLEERAFXEMMEEN T, FTEAERRNHEE
NI LR SR A R R, AR AT (8] £ K RIRFHHE AR 47 ERMERM
R BEBERRANTENRR R R ERRERE—TEENEMEAR ( Carrier Solvent )

KA f AR PR A SR B NV RERF IR AN E T R D4 A ( Open

SCIEX Echo® MS+ R4 R E B4 = Port Interface, OPI) , AFBITER ( Electrode ) BHBEHLM
1 1-10F MR, TS EESANEMA, HEBFEINFBEHEEEFRFT, ALBWERNIEEK (1:4, &

) 0.1%FER ) ARIEAMEAR,; HAERE: 350 pl/min.
2. FRBEATEMAHE, EREDITHROFNBRITKER

ma, MELREINAER.
3. WhFREtE, BREEREWE, ATEERL.

1. —RRESEETOF MS, m/z300-1100, accumulation time, 0.2 s
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2. TOF MS was followed by 100 product ion scan, with accumulation

time of 15 ms
3. ZHRIR=SEEIMS/MS (CID); m/z 100 - 1100

4. ESBE. ISBIE, 5000V; SAESRCUR, 35psi; HHSRGSI,
90 psi; $BBIRGS2, 45psi; BFRAE A350°C; WES, 8

LR

LIEER S EE

BITEcho®MS+RGHTRRRE ST, ERIEHEF,
candidates ionZ % & 4100, Bl—MEABELR—KFHEF100
RZPAE, ATRIEBBRE, EHRERKRXAinfusionf975
N, BESNERE H15H, ERKFERFFNE, XFE ]
PURIEREE Z I REIRE S ARETHUEMEED T, NG
BMERFEEMEDHRN, BRETMNRIEEREEVHRES
HRE® (KF101) , BREERE (1) . BTHEEAFRXH
E, WREEFEERNNEENEEEFEER, REML,
FrE NS EEBIIMS/MSEIE (E2) o

%, BUARSFROERFHNAEELES, £ H302MA
RikEY, TEVFEHH=8 (76) . HMZHE (bc) . $HEE
(sm) . BERSEERER (PC) . /AMEBEASEEARHR (LPC) . BEASEL
ZEZRE (PE) . BMBEAEEEZEEAL (LPE) . BEASER (PA) . WE
BifZ (Cer) . #EBE (HexCer) o

B

LTI b T firt Eptet 1w S A M L 1T THAIA o S B e
et 7, ',".‘.“ o
o " hy
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E1. &Y —RER R HTEE
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AGEARBEE SEEIN=ENRITRE—BNER,
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R T BARNRMHCCHMAERE (Hee ) BEUNRIEAREA,
IS IEECho®MS+ER e M B B 37 1 = B M AR AT R G A 4R (8] 2= 7 04
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contyol

Do e ]

| | HCC group
- \

it

3. 25 MEAEITICE

E32 R 7 25 MEARTEECho® MS+ER G T REF 49 R iA 5B 8
BEFRE, SCIEXOSTINMIZER# T/, BETEENE=R
o I[N E, —MNEIBEXETE2 M ERSIEEE ( —KAEH
RE—RIGE MK ENMFAN—REE ) , XHERTUNE—
MEABTH-EHRELSHTERREE, BRIHONERS
WHEZRLEY, SERNERAFZESITRE—X.

RS, 1B R E W R AR g T E s RA S
RN U EERHF T, BIEMRM AT R ST
FANBIBENLERD T E R, HCCHS MBEASELRRR (LPC ) FN&H
Bis (sM) KEBEZTHEESE, ESFEMNZ, LPC16:0. LPC
18:2. LPC 20:4. SM32:1. SM34:1. SM 38:1. SM 41:2F1SM 42:17%
Echo TOFMSRE G FI=EMIRATRFE PRI —BMERE (E4) o

Echo® MS+R SR 50 nLA AR, MLCMSREZEXR AL uLhy
HE, FENNNESHEES. XMRNEZEFEMIAENE
BAFE—HAK: Echo® MS+RGERXA—REE, MLCMSRL R
EFMRMAIEE. REFEZEMNRNEFEEZEZR, ERIN
L —HNEDREFEEL, AT ETEcho® MS+RERIER
HFDTETE M, o, QCEARER RIFMNENA M, Bid0%
B &R IR ERZE/NTF0.3.

MKT-35277-A

Echo M3, LPC 204 LCMS, LFC 20:4

LO0E+C L20E-07

1
. |
LO0ED . 1.00E+0G
1LA0E«# 300E+0G n
LODE+04 i T 1,00F+05 -
2.00E+ 06 1 =

Cantrlx Heo
LCMS, SM 38:1
GO0E 13

e e

2.00E+03 | 200E407

Contrisd l-ICC

Echo MS, M 38:1

I
1LODE 13 [ I

Contrs cc I:cntr[w Hes

4. LPC 20:4F0SM 38:1H94884[E], 7EEcho TOFMSR G =E MR Rt
HRPE —FHHEE

Mg

AR FSCIEX Echo® MS+ RSB & ZenoTOF® 76005 73 ## R
ERGBRYTARHARESBRENRERAZENG X, LT
B FR122£3027, —REESNERE R, WREAFHCCALER
CHh=—EENME T EFEEEER, XE5E=8NRITLER
MRM 7T A HE SR —3

ZFEARRAFRE T MM A, B AHEARRAT
TIRERE R . — R ERFAREAE, BE MR E
RE10sEh, HAZT—RIDAREETHITERLENEE, B
FMLEELERT AT HEBEHOREANEEST, EBAELAZEN
B, TURE—REIBHTHANEEST, H—PRGEN 8
EFMERISER, HESBERREASTNER.
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SCIEX Echo® MS+ Z54ZenoTOF® 7600 & F RiE 4 #r20fh & E g

Rapid and High-throughput Analysis of 20 Amino Acids by SCIEX
Echo® MS+ System with ZenoTOF® 7600 system

REME, HRE, BT, BB
Xiangyang Leng, Chenchun Zhong, Zhimin Long, Lihai Guo

SCIEX W A 0y,

Key Words: SCIEX Echo® MS+ System, ZenoTOF® 7600 system, UBxE
High-throughput, Amino Acids

SCIEX Echo® MS+ ZR Gt 454 ZenoTOF® 76003 4t

518

REBENEGENERAR LA, BRINERTRBEHEE
MR, EEBANEEARARNER, T EEMREK. o
WA D BN ENTEMEERR, MEHNENNEERR
WRE, THESSBEEMESIL, BWEEEZARSE, SBE
RN AL, SEBRR T EEWENINES, ESNTEED
BEEEAC, NEEHAR, SERWAEADHNERSH
B ERROE, SEREANIRRPLULEERNES. B
REROENTLERERARTRERREKENE, HEFES [El1. SCIEX Echo® MS+ 7600 % 5t

BFENEX.
SCIEX Echo® MS+RERAE LR BRABALNRE. 58  #Hmt#F
ENFRIEMEIERI, KF7EHPREFSCIEX Echo® MS+R Gt 45 SEBURAERT AL KEERERIRE, % AE

£ ZenoTOF 7600 R Xt 20Fh @ EER HE TR 4T, RFETOFMSHY BETUEELE, B, RESRRR4KHRESREE, Moo s
REFR, TALIDINESOEEN S, BRIEESEOAEE 5oy s

RAMYE, BREBEEEMRT . WITETMUHEMREERE

MERPRERCNER, TEEESN. #RAEN, EAT

KEABIREA B AR 7. ERHEF
Hilk: FEE ( 20.01% 5 )
SCIEX EchoMS RSl 3 - AR, 400 ul/min
L LIFIAMERRESH, TS EESANEHA, VR AQET
2. LR, BRRERREM, BIAMEEEAL, ———

3. FARRATEMER, AREDIHDOHRIEZER . ST7E. ESUE, FETE

HAFA R ToOFMS; FIEE (m/z) : 75-210

RUO-MKT-02-33693-ZH-A
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RITETE): 0.08s; EFEHEE (DP) : 40V
BFRSH.
B R JE1S: 5000 V WS CUR: 25 psi

F1L= GS1:90 psi

WES CAD: 7

kamfER &L

BN SGS2: 45 psi

JRRE TEM: 350°C

RL20MAERD TAEERLMER. E8H

kel o uoe mm T GFF
2R (mm)  EHE (R)  RSD%)
HER CoHyNO, 1 1-100  0.996  8.45
ERLE CuHLN,0, 05  0.5-50 0.994 76
R CeH1,NO, 02 0220 099 882
=T CeH1:NO, 0.5 0.5-100 0.995 4.5
EN CH,NO,S 05  0.5-100 0.993  5.05
R CsHoNO, 0.5 0520 0996  6.14
FHER CoH,;:NO, 1 1-100 0997  6.97
=R CsHyNO, 0.2 02-100 0996  6.47
FEAR C,H;NO,S 0.2 02-100 0.996  6.47
REEE R C,H;NO, 02 0220 0.996 5.28
RERE C,H,NO; 05 0520 0.995 6.48
BRI CsHoNO, 02 02-100 0997 697
A C,H,NO, 02 0220 099 573
AER C,HsNO, 02 0220 0995  4.63
R ai CsH,0N,0, 02 0220 0.997 8.3
HER C;H,NO, 02 0250 0.997  4.58
ERER C,H;sN,0, 0.2 0.2-100 0.994  4.02
BRR CeHsN,0, 02 0220 0994 418
[EERTE CeHwN,0, 02 0220 0995  4.34
=K CH.LN,O, 05 0550 0992 452
ERER

0FFIEMRALMEERN, &UXRARY, HXZHRYAT
0.99, EE R (LLOQ) &E L6 X %RSD /N T8.8%, EEMR
. GMSEERMEEHEMERILFL XBTOFMSHREA,

RUO-MKT-02-33693-ZH-A

SRR A 20 S AR H# THRE D T ERIEE SIER R8T L2
MAE, BERAEL, ABUEMIREMEEILE2, RNIHFXA
BT AN KR ME A RER BTN, ZITETNRFHAHES
PRI PR AT R, ERENI.

= i Lopsa X1 Cotoom M _AA_TOFMS_S0ad 1 (3% - 200 12 W2+ 00000 Ds

1 Jed
i o 1::- I".
1.8 { "_
) 1
o " -
1065 : e
T f/ |
B0wd I -
/ 1
H . i
7 bk | i
) - i1
§ fosd by h b-"."
= ) s \
.
-

0
AAEAARAAN AN

AR EARS

[E2. SRV B AR A h 2

E3. KM P20M R BRI NER
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B

A SCIEX Echo® MS+ R4 455 ZenoTOF® 7600 R G 3L
T0MEERNRESBERNSF X, ERKB, ShED
TELMCENMXRERE, TETRERMS, TRAFLARMD
RHRNRESBERN, SCIEX Echo® MS +RAALMSBEH
mRERRN, RIEFENSRE, LHEANERAERTH
BB AR EETE Ko

RUO-MKT-02-33693-ZH-A
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ZenoTOF® 7600 & &t — )R R B 1T AESE M X HFNEE [ =

)

Simultaneously Untargeted Metabolome and Targeted

Exposome Analysis in One Injection by ZenoTOF® 7600 system

BRET, R4, TFE, FER, 0282, S

Junmiao Chen"’, Pengwei Guan®, Yuting Wang”, Guowang Xu, Xinyu Liu?, Dandan Si’

' SCIEXTFER X Ly ° PRI E L E YT 7T

| REFE—EE, AXEHEESFXH"

Key words: Untargeted metabolome; Targeted exposome
analysis; ZenoTOF® 7600

515

BENRERZEALERNAELERIBHFHEBLEE
Ao R BAEBRAHIEE T, &L 70% BBBIE 40% BIFETED
MUEEAREHERL, MERNIMNERLEDS EMMEREESR
PIXEE, LS EIEEY (PFAS) 2L BHAESER, IH
T (EDCs ) SRMAERRRES ., BRFEASKEBRE
B, MERRAEHLRIEPEFREEE A XEBNEMA,

RBIE - BEEXKAR (mEWAS ) BETRREGHNRE.
RFFRBEBUNEBRE Z BHEKR, AR TTERENEEN
FMRHETAERER. KT, AFRREREMIIINEELFERK
BYAXBEER. BAMRERK, MAREEEBE Z.
BT, mEWASHRRH, AFHFUERNNBZETNREE, K5
HEERSOHPHERIE (HRMS) 247, REHAFN S XA
BERBXRINERITEDIT, XRHTHROBAMNESSE
B, EXFEEARFEMTREM. ERFEENRE, ITEHR
BR/BEERFTNEYHBRREREATE,

SCIEX ZenoTOF® 760015 4> # R Gt #8# Zeno trap B FHHEIA,
TIETOFMY b &L 90%, BERFA T REUE, HRETERRST
FEIR K& HRMS #1 MRM 3B, E Tk, HRENMRE T —HME
F LC-HRMS-MRM MS #ERXEIHF 7775, TTE—REFRER#TIE
S RIFAMEERELMT. XFFAERAMELT mEWAS 7
2, AERBINAMREE, #3h mEWAS FTEAZEREHHERE,

MKT-34449-A

I i+ 4 R 58 B b

M 2 BUREFRSS (T2DM ) ARSEMise, IRET 226 =B ME
B, HPEHE 72 6 T20M BE. 41 BIERBRIAAZIHEM 113
BRI IRE, XEHAEMR . FEHRA BMI FEETT L.
MRS XETEME (FPG ) MM ERKTE.

BY 100 pL MBS, MMAEARNFE / 28 (1:1, v/iv)
WITEAFUTE. WiERS 60 s /&, £ 14000 g. 4 °C £ TEL
15min. W& 200 uL LB RATELES . BIDEELRM
BT LR SRIER QC (RSQC) , BMALRKEMZE
QC (Lab QC) AsRMEALEM. & 15 MEREIRIMA— RSQC,
AHRO TR G M,

LC-HRMS-MRM MS 43 #7

A Zeno SWATH AR ULEE RSQC # Lab QC #ESAITOF MSHN
TOF MSMSTE &, &AM MS2 EEMFEEE, FERMBFHN
BEHREYMINEMLEY. £ MS-DIAL #HITHER, ARRB
HHIEEE R, MREYIINEECEDHITERE. AIEIRE
0SI - SMMS FN2 5& 28 £04R FEth 43 3 B F IR MR s F SR M1k
R/l b=

AT ERARFHIINEECEYNELEDE, BEERR
T INREERRE SR Lab QC B RMEIRABREEBALE, Kk
J&, 7E ACQUITY UPLC BEH C18 1% ( #/&50 C; EBFE= ) 0
ACQUITY UPLC HSS T3 # ( #Ei855 °C; TaBEFHER ) EMDHrHa
43514 32 min # 26 min.
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ETEIRFIMNINEELEY, FHEE AT EERMNINE
HEY, RURHEREMERBE, R MRM IR, REH LC-
HRMS-MRM 77754 HRMS FTIEEEERIRA DT, & MRM MS
TEERBEAF DT, FEMAE LC-HRMS-MRM MS S5 I 3B,

it st

ETHRMS-MRM MSHYIEEEE LA 04T, 5 SCIEX A F)
BIMarkerView MR IR EIR PIREUT Fr A9 IE SR, FHFBIER
XM T — L EI A E A NAR. 5B Multi Experiment Viewer# 1T
FESERLE, FH SIMCA - P 14.1 IEHFTE RN ZFTEH 3
4 (OPLS -DA) o &EF R BHTHNINATIESREEE

BHo

S FEFHRMS-MRM MSHISEE SR EHZ ST, RIE QC H#&
FENBETRHIEN&E/NMEXNTRERZ (RSD) EI, fESCIEX 0S
BAFBANEE L AERRA—LEEENNTR. M TEE
FRERME, EE. P SRETHERKE, fREHTE 100 +
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Targeted flux analysis through the Mass Isotopomer Multi-
Ordinate Spectral Analysis (MIMOSA) Workflow

Using the QTRAP 6500+ LC-MS/MS System with
SelexlON® Technology and Elucidata Software

Darren Dumlao’, Tiago Alves? and Richard Kibbey?
'SCIEX, USA, 2Yale University, New Haven, USA

Fluxomics is a relatively recent application of mass
spectrometry-based techniques that employs the use of stable

labeled isotopes to trace how specific metabolites and molecules

are metabolized through biological pathways. Commonly, '3C or
5N labeled precursor molecules are fed into a biological system
and allowed to be metabolized for a given amount before the
experiment is quenched. The experimental design can include a
single time point once the system reaches a steady-state or a
series of time points for a kinetic understanding of how the
metabolites are changing over time. Unlike isotope labeling
experiments, which mainly focus on the incorporation of labeled
atoms into certain metabolites, the output of a flux experiment is
a rate. A flux rate reveals details about how a biological system
changes between 2 or more cohorts. For a metabolite with an
increased enrichment of label, a flux rate can distinguish if this is
due to the pathway speeding up and forming more product, or
accumulation due to subsequent steps in the pathway slowing
down. While fluxomics is a powerful technique in understanding
the dynamic changes in metabolism, these experiments require

-~ OAA Citrate,
sc [( cs \sccm
Malate Ghaexc
\\ AKG‘_—-:. Glutamate
Glutamine pool

M Increased Flux
M Decreased Flux

Figure 1. Fluxes were mapped to central carbon pathways to
summarize the metabolic changes that occur in response to T-cell
activation. The pathway map was generated in the Polly LC-MS/MS
labeled workflow (Elucidata). Red indicates increases in flux and green
indicates decreases in activated T-cells.
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an expert level of understanding of the pathways and are
mathematically rigorous.

The Kibbey lab has developed a targeted fluxomics technique,
designated M.I.M.O.S.A. (Mass Isotopomer Multi-Ordinate
Spectral Analysis), which is focused on energy metabolism." The
MIMOSA technique utilizes a targeted MRM-based method to
understand each isotopologue as well as the position of the
labeled carbon atoms. For separation of the glycolytic and TCA
cycle intermediates, the method employs two 5-min LC gradients
in conjunction with differential mobility separation. MIMOSA has
been fully incorporated into the Polly software (Elucidata) with
their LC-MS/MS labeled workflow. This automated workflow has
removed the barriers and improved the rigor for fluxomics
research.

Key features of MIMOSA fluxomics

o Uses the QTRAP® 6500+ System with SelexlON® Technology
for high sensitivity and specificity

o Describes fluxes for glycolytic and TCA cycle intermediates
for energy metabolism studies

o Deconvolves the labeling patterns at the MS/MS level to
measure positional enrichment

o Experimental output calculates normalized rates, pathway
directionality, and dynamic metabolic changes between
cohorts

o Polly software fully automates the data processing (natural
abundance correction, absolute % enrichment, background
correction, flux calculations) and data visualization which
dramatically reduces the sample-to-graph time
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e Polly is flexible and customizable and is capable of handling
other stable labeled isotopes

Methods

Sample preparation: A protocol detailing the isolation, culture,
and activation of primary human CD4+ T-cells is described in
Hiemer et al.* Briefly, cells were unstimulated or stimulated with
ImmunoCult. Cells were harvested and incubated with fresh cold
media without glucose or glutamine (MP Biomedicals) that had
been supplemented with sodium bicarbonate (3.7 g/L), 10 mM
HEPES, 0.2% essentially FFA free BSA (Sigma), 0.05 mM
sodium pyruvate, 4 mM glutamine, and 0.45 mM L-lactate for 1
h. Cells were washed with PBS and resuspended in '*C-glucose
labeled media that consisted of 5.5 mM [U-"3Cg]-D-glucose
(CLM-2001; Cambridge Isotopes). Cells were incubated in
glucose labeling media for 4 h. Cells were subsequently washed
with ice-cold PBS, and cellular metabolism was quenched with
ice-cold 20% methanol in 0.1% formic acid supplemented with
10 puM ds-taurine (Cambridge Isotopes), 3 mM sodium fluoride
(Sigma), 1 mM phenylalanine (Sigma), and 100 y M EDTA. Cells
were frozen in V-bottom plates (Bioexpress, Cat #T7-3025-8B)
and lyophilized overnight to dryness. Samples were
resuspended in water and 2 pL were injected on column.

Chromatography: The M.|.M.O.S.A chromatography has been
described in Alves et al." In short, glycolytic intermediates were
analyzed using an Amino Acid 50 x 2.1 mm, 3 pym column
(Imtakt) . The TCA cycle intermediates were analyzed using a
Hypercarb 100 x 2.1 mm column (Thermofisher). The gradient
conditions for both are described in Table 1.

Mass spectrometry: MS analysis was performed on the QTRAP
6500+ System equipped with SelexlON Technology and an
lonDrive™ Turbo V lon Source. The details of the MS

Table 1. Chromatography gradients used.

Glycolytic intermediates TCA cycle intermediates

Time (mins) %B Time (mins) %B

Flow rate = 600 uL/min Flow rate = 400 uL/min

0 90 ‘ 0 0
0.75 90 | 1 0
2 70 | 1.5 20
3.6 70 | 3.2 20
4 90 | 3.3 0
5 90 | 4 0

Mobile phase A — 100 mM ammonium
acetate, pH 6.9
Mobile phase B — acetonitrile

IMobile phase A — 15 mM ammonium
formate, 20 uL of 0.5 mM EDTA pH 6.9
IMobile phase B — acetonitrile
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experiments have been described in Alves et al." Briefly, the
instrument parameters for the glycolytic intermediates
experiment were the following: CAD 9, Curtain gas 30, lonSpray
Voltage -3000, Temp 450, GS1 60, GS2 60, DMS modifier flow
250 pL/min, DMS temp low, SV 2200, DR off, DMS Modifier 2-
propanol, DMS Modifier Composition low, Dwell 10 msec, Pause
3 msec. The instrument parameters used for the TCA cycle
intermediates were: CAD 9, Curtain gas 30, lonSpray Voltage -
3000, Temp 450, GS1 55, GS2 55, DMS modifier flow 325 p
L/min, DMS temp medium, SV 2600, DR open, DMS Modifier 2-
propanol, DMS Modifier Composition low, Dwell 10 msec, Pause
3 msec.

Data processing: The output .wiff data files were converted to
mzML using MSConvert (version 3.0.19172, Proteowizard). Peak
alignment and integration were performed using El-Maven
v0.12.0. Natural abundance correction, fractional enrichment,
background correction, flux calculations, and graphical data
visualization were calculated using Polly LC-MS/MS labeled
workflow (Elucidata).

Flux analysis on T-cells

T-cells are known to employ a different metabolic program
depending upon their activation state.? While in their resting
state, T-cells utilize B-oxidation of fatty acids as a major energy
source. Once stimulated, T-cells exhibit the Warburg effect and
switch to aerobic glycolysis producing increased amounts of
lactate. The uptake of glucose, glutamine, and fatty acids from
the exogenous environment is required for T-cells to rapidly
divide and mount an immune response.® Here, the steady state
metabolic changes that occur in human T-cells 24 hours after
activation was studied using a targeted MIMOSA fluxomic
approach with SCIEX QTRAP 6500+ System equipped with
SelexION Technology and the Polly platform for data processing
and visualization.

Data processing using El-Maven

Flux data acquired on QTRAP 6500+ System with SelexION
Technology were converted to mzML to process in EL-Maven for
peak alignment and peak integration. Alternatively, MultiQuant™
Software (SCIEX) could have been used for peak integration,
then uploaded into Polly as a .csv file with the proper format. In
Figure 2 (topl), M+2 glutamate (148/43) is used to showcase
how the data are visually represented in a single plot with
multiple overlaid traces. The bar graph on the right side denotes
the peak area for each sample allowing for collective
assessment of the data. Viewing the data in this manner allows
for fast peak review, instead of the hundreds or thousands of
mouse clicks performed when reviewing each scan
independently. Importantly, manual integrations of the data can
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Figure 2. The output from Polly LC-MS/MS labeled workflow after natural abundance correction. Additional tabs include fractional enrichment
data, background correction, and a merged table. All data can be easily exported as a .csv file.

be performed as needed. El-Maven outputs processed data as a correction. Natural abundance correction involves numerous
table that contains detailed information about MRM transitions, calculations that considers the natural occurrence of the isotope
peak area, retention time, S/N, and number of peaks detected as ("3C = 1.1%), the number of carbons in the parent molecular and
how many are considered good peaks (Figure 2, bottom). This resultant fragment with all the possible labeling combinations.
table is used to QC the data where the user can denote a Setting up these calculations is laborious, time consuming, and
detected metabolite as either good or bad with a checkmark or the introduction of user error at this step is quite common. In

an X, respectively. The data can be automatically transferred to contrast, with this automated workflow, natural abundance is
Polly using EI-Maven’s upload to the cloud function which calculated with a single mouse click (Figure 3).

requires an active Polly account.

Polly LC-MS/MS labeled workflow

The required files for workflow include a peak areas file (El-
Maven output), a metadata file detailing the metabolites detected
(molecular formula, fragment, isotope label), and a sample
metadata file that denotes which cohort each sample belongs to
for comparison. After the files are uploaded, the user can access
the NA correction tool to perform the natural abundance
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Figure 3. The output of stable isotope enrichment results calculated using Polly LC-MS/MS labeled workflow Phi (Beta).

In addition, the workflow also calculates the fractional enrichment
of metabolite species and performs a background correction.
The embedded search function allows the table to be filtered to
only display the desired metabolite. The data can be represented
graphically using the built-in visualization tools, Figure 4 shows
the natural abundance corrected data for lactate. The natural
abundance corrected data (represented as peak area, Figure
4A) for lactate and its isotopologues show that all isotopologue
species have increased in activated T-cells (blue) compared to
rested T-cells (orange). The fractional enrichment data
(represented as the percentage of total lactate pool) show similar
amounts of M+3 species between activated and resting T-cells
(Figure 4B). An increased relative flux from glucose through
lactate is suggested in activated T-cells by the lower dilutions
from other non-labeled pathways. Further examination of the
fractional enrichment profile of TCA intermediates show complex
labeling patterns (Figure 4C and D). Citrate has an increased
amount of '3C incorporated into the M+2 species in general but
there is more dilution between citrate and malate in activated T-
cells indicating. While these data are suggestive of different
utilization patterns of citrate, a more definitive interpretation
requires the interpretation of positional enrichment differences
between precursor and product metabolites (see below). All the
data (tables and graphs) can be easily exported in a .csv or .png
picture file, respectively. This fully automated workflow removes
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the time consuming rigorous manual labor involved in processing
these types of experiments.

Phi - Flux calculations

Once the data is corrected for naturally occurring isotopes, the
individual flux rates (Phi or ¢) can be calculated. This is
accomplished in the Polly Phi (Beta) tab that contains three
subtabs: Calculate Phi, Results: Glucose Labeled, and Results:
Generic Labeled. The Calculate Phi tab is used to define the
labeled isotopes used and to display the different cohorts. Also,
Polly offers customizable options for metabolites with different
labeling schemes and fragmentation patterns. The two results
tabs display the phi values in table and graph form for glucose
and generic (used for other labeled precursors like glutamine),
respectively.

In this fluxomics experiment, only uniformly '3C labeled glucose
([U-"3Ce]-D-glucose) was used. Figure 5 depicts the results for
the glucose labeled output with the different phi values (rows) for
each sample (columns) listed. Here 45 individual phi values and
positional isotopomers were calculated when using [U-13Ce]-D-
glucose as the tracer and these can be expanded to include
others by user. Polly has built-in visualization tools to graphically
display the flux data. Representative graphs with the expression
formulas are shown to highlight the changes in metabolic flux
between activated and rested cells (Figure 6). Activated T-cells
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Figure 4. Visualization of natural abundance correction (NA) and fractional enrichment (FE). Representative graphs using Polly’s built-in
visualization tools for natural abundance correction (NA) and fractional enrichment (FE) in activated (blue bars) and rested (orange bars) T-cells. (A)
depicts the natural abundance corrected isotope profile for lactate. The data is reported as average peak area. (B, C, and D) are the fractional
enrichment plots for the isotope profiles of lactate, citrate, and malate, respectively. The data is reported as % of total metabolite pool. Each cohort had

an n value = 6.

were observed to have a 2.5-fold increased enrichment in the
pyruvate dehydrogenase (PDH) derived carbons of citrate
(Figure 6A) despite only a slightly greater enrichment in lactate
(Figure 4B). This identifies a greater contribution of carbohydrate
oxidation to overall TCA flux in the activated cells. In contrast,
there is a 70% greater loss of 3C enrichment between Acetyl
CoA (carbons C1,2) and those same carbons in glutamate (C4,5,
Figure 6C). The same observations made by an independent
calculation quantitatively validated this dramatic finding (Figure
6B). To represent the data in a biological context, metabolic flux
changes that occurred in response to T-cell activation were
mapped to central carbon pathways (Figure 1). Representing the
data in this fashion can be useful for understanding metabolic
changes, nutrient utilization, and pathway directionality.

RUO-MKT-02-12698-A

Discussion

T-cells undergo a metabolic reprogramming when activated by a
stimulus event. Using [U-'3Ce]-D-glucose, these metabolic
changes were assessed after 24 hours of activation. An elevated
flux of glucose through glycolysis (compared to other pyruvate
generating fluxes) was observed in activated T-cells with the
accumulation of 3C-carbon in lactate. The dependence on
glycolysis, which can rapidly generate energy, is thought to be in
response to the cell’s accelerated growth in mounting an immune
response. Glucose was also utilized to generating citrate via
PDH by a greater extent, but reduced label incorporations were
seen in other TCA cycle intermediates and metabolites (malate
and glutamate). One explanation of this observation is that a
dilution of '3C-carbon is occurring after citrate. Consistent with
this, it has been reported that activated T-cells exhibit increased
uptake of exogenous glutamine. Unlabeled glutamine could be
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responsible for the observed dilution entering the TCA via
glutamate to a-ketoglutarate exchange. A flux experiment using
labeled glutamine (for instance, [1,2-'3C]-L-glutamine) would be
needed to provide an orthogonal confirmation.

This experiment was used to showcase the utility of a targeted
fluxomics approach to better understand the dynamic metabolic
changes that occur during T-cell activation. The sensitivity and
speed of the QTRAP 6500+ System enabled the highest quality
data to be collected for the 100+ MRMs within the method. The
orthogonal separation of the SelexlON Technology was
instrumental in separating many of the isobaric compounds in
glycolysis and the TCA cycle.

The Polly LC-MS/MS labeled workflow removed many of the
barriers and bottlenecks associated with processing fluxomic
data. This was accomplished by streamlining the processing
from peak integration to natural abundance correction. In
addition to reducing data processing time, the automated
workflow eliminated user derived errors commonly associated
with multi-tab spreadsheets. Another positive feature of Polly is
the visualization tools. Comparisons between different cohorts
can quickly be selected and graphed. The data and graphs are
easily exported for use in manuscripts, posters, or presentations.
The reducing the time from sample to graph allows the user to
spend more time in understanding the biological impact of their
experiment.

Figure 6. Representative graphs using Polly’s built-in visualization tools for calculated fluxes (Phi values) for activated (blue)
and rested (red) T-cells. (A) A greater enrichment in the pyruvate dehydrogenase (PDH) derived carbons of citrate was observed in
activated T-cells. The next segment of the TCA cycle showed the opposite, namely there was a greater entry of glutamate carbon (via
GDH or transamination pathways) in activated T-Cells as demonstrated by two independent calculations from citrate to glutamate (B)
Phi_Cit_Glut and from Acetyl-CoA to citrate to glutamate (C) Phi_AcCitG, respectively. Each cohort had an n = 6.
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Figure 5. Phi results for TCA cycle calculated from MIMOSA deconvolved isotopomers from [U *C¢]-D-glucose tracer labeling of T-Cells in
Polly Phi (beta). Shown are 10 of the 45 Phi calculations (identifier column) for the different T-Cell samples. Individual mathematical descriptions of the

different Phis shown in a different tab (see Figure 6). Data from individual samples (identifier descriptions provided) are shown as fractional values
(multiply x 100 for percent).

References

1. Alves, TC et al. (2015) Integrated, Step-Wise, Mass-

Isotopomeric Flux Analysis of the TCA Cycle. Cell Metab.
22, 936-947.

2. Geltink, RIK, Kyle, RL, & Pearce. (2018) Unraveling the
Complex Interplay Between T Cell Metabolism and
Function. Annu. Rev. Immunol. 36, 461-488.

3. vander Windt, GJW & Pearce, EL (2012) Metabolic
switching and fuel choice during T-cell differentiation and
memory development. Immunol. Rev. 249, 27-42.

4. Heimer S et al. (2019) Integrated Metabololmic and
Transcriptomic Profiling Reveals Novel Activation-Induced
Metabolic Network in Human T cells. Pre-publication.

RUO-MKT-02-12698-A

fRMTRETZRD, AL MR — SCIEX KiFHEZMANXE 261



T—REHEF

SCIEX Echo™ MS & 4t [RiE 7 #1170 = BEREERIL. &1
Rapid analysis of 11 energy-rich phosphate compounds by SCIEX

Echo™ MS System
iR, ST, A

Junmiao Chen, Dandan Si, Zhimin Long

SCIEX K S FF iy, #HE

Keywords: SCIEX Echo™ MS System, Energy Rich Phosphate
Compounds, Nucleotide Compounds, dATP, dCTP, dTTP.

518

SRMRUCEVMEREKBNITRAAEREN —LKBHRL
Y. REUEMEERIEB N T ENRBRE AN =BRRT
(ATP) &, ENREMBRR. ENFAEENEN, BREMR
BEOMEY R ZEAEYERRREEERKAMN (Le/MS)
HOOERHAARMAER, SBERIFSBMEERE, B
AR XRREFXAERNEFIIABETHHR, BRTRS
UEMNREE, BERATEFNHANENRPLLRE KBRS
ZTEFRTE, SERARMESTIRANRENES~LERF
SHHFRB, MIZXLEVERBEEFERAFREELEN
TERARUEYTNHREARZSARTHRENEELER
HELELSEY. MAFARREASMHEEZEER LR LM
FREBMDBEEFBEMANFRORMA, s lH=sE T
FRE BRI kR N B R G P AR M e E R,

SCIEX Echo™ MSREZEXAF KM AMBERIER S ( Acoustic
Ejection Mass Spectrometry, AEMS) #{THMXE, 2— 1 5@
2. BETHMEEERIEMNERS. SCIEX Echo™ MSESEAE K
BAHEFHFAR (ADE) RBEERFI M RIREB R FRRIR
$1EO (oP1) , ZAMEEREHE O B % EEISCIEX Triple Quad™
6500+ F G, XFIEEMA T A BRAEIETEZB AR T
HEEH AT MER, EZNBFBRERMGNNEZETIARIE
AN BRREEE . FAifEcho MSERMIHFERITHEEHE
AHHERLTE EMEBERE TR HEEDNSEARKE
A, R ERERNERGHRINFERAIMFIF T INS R
KIEERHITEED .
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, BX50 pl

FEiESE:
BERN. ABFER
HFEAR: MRMZ RS

F1LSGasl: 90psi
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MRMZE. fnFk1

SMREESMH: LHHMEUNRIEAEREE LRI,
FiEhEMELMEERN LM RY, &M XRREAT0.995,
LMSERETIA10001%, FrALEYIOHT T ERMERRKE
52, #REIR0.05 pg/mLIRE T EEH R IA (L& WHIRSDY
INF10%, TES pg/mLEREESHNCAEHRATARR, 11ML
EMIEERE . E23BE R 7 CMPRRIRIER, HPEE &R
HHLRES. SARTESGHENEER, NEFTNERE
RESMN MBI, BESRES ug/mUAFRES e RE
EEANSABRTRERIMEREE . E3PEHFIZE PN b
HEYRIREE, TERAEYVNEERERE, AMXRRE.
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NINEEENIaT

0.1 pg/mL
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n |
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0.05 pg/mL | !
0.025 pgimt, |

0.005 pg/mL 0.01 pg/mL

WRERRETHT

ospg/mLo= =
0.25 pg/mL. |
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FRLTATEAIT

El2. cMPIRfE @ RIRIEEE B

L LS RHRCAYNEECEREE M
4 Name Q Q3 DP CE ﬁg;‘:ﬁ ﬁ'}#ﬁg ( Efgs )
Rz nE L CMP 322.0 96.9/78.9  -40/-90 -25/-80 0.0025-2.5 0.996 4.7%
= RERR BRI B S AR R dATP 490.0  159.0/78.9  -40/-40  -30/-120 0.01-5 0.995 9.2%
2B E -5 - R REER dcmp 306.1  194.9/78.9  -50/-50 -25/-60 0.0025-2.5 0.996 6.4%
= TETR RO NE B EARE R dctp 466.0  159.0/78.9  -40/-40 -35-120 0.01-5 0.996 9.8%
e AR e B AL E R dTmMP 321.0  194.9/789  -50/-50 -25/-45 0.005-2.5 0.998 3.8%
= RETR BORR e B EALE R dTTP 481.0  159.0/78.9  -40/-40  -45/-120 0.01-5 0.997 9.7%
PR R UDP 403.0  159.0/78.9  -50/-50  -35/-100 0.0025-1 0.995 5.8%
PRIENEEE Ump 323.1 96.9/78.9  -40/-40 -27/-80 0.005-2.5 0.995 3.2%
BRI ER AMP 346.1  134.0/96.9  -50/-50 -40/-36 0.005-5 0.998 6.8%
BIEMRIZHE GMP 3619  210.9/150  -50/-50 -25/-35 0.005-2.5 0.995 4.6%
RAERAZER IMP 347.0  134.9/96.9  -40/-40 -35/-31 0.0025-1 0.998 5.7%
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