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Introduction Results

Typical LC-MS-based metabolomics relies on untargeted workflows with chemometrics-based data processing: _ _ ) _ _ _ _ _
- Identify features (retention time — m/ pairs) discriminating sample groups (e.g. diseased vs. healthy) Isotopic pair finding: comparison of two software packages Quantitative evaluation of results
- Limitations: no quantitative information and no structural information about each feature (i.e. identification)
. . . A
We propose an alternative strategy by isotope-labeling: 2 et e . _
o ; . — . MetabolitePilot : 189 feature pairs : eps Concentration changes should
- Derivatization of amines with benzyl-oxysuccinimide 1. Experimental f P 4. Result summary 1. Rationale C 13C 9 o reflelcted - siggnal rattijos
- Two versions of each reagent, differing by 6 amu : light (only *>C atoms) and heavy (containing six 13C atoms). Pair finding: + Insufficient data quality . . 0 u + u —> u —> 1
Workflow for differential analysis: Both softw:;we find pairs according to a user pre-defined ratio 49 |l — |+ should be rejected Num.ber c?f solope  pars : Vil
. «“ ” . . . - m/z
- Two different “states” of samples are extracted and labeled with a different version of the reagent 2nd an associate toIZrance 8 P Unique to obtained with both softwares iﬁ;nn";ls femgoig; N N N
- Samples are pooled and analyzed by LC-HRMS using a QqTOF MS instrument ' Metabolite Pilot * Unique (m/z, tR) and result overlap: Equivz.a\le.ntto
The same sample (5:5) was processed with both software, * Not found using MsXelerator 189 concentration change N >2
Treated Treated expecting therefore 1/1 ratios (12C/13C). 49 (due to evaporation & I 15 or "__i_t _____ or 5
heavy (5C.) @ Rl Unique 484 reconstitution) | S | S | S
O 56 Lo LC I '\A/'S l Software parameters:  Closely eluting to another §~ Light Heavy mix Quantitatively track dicat relevant
NH, >-Su 1 Mixing A 5 . . . . . . . = 140 140 12¢c 13¢C uantitatively tracks naicative rreievan
e S > 6‘ & \\ >€ 6mu Some dlfferences exist due to different software designs. 140 isobaric pair | s - 6 6 concentration changes  of concentration changes
metabolite — 6‘ LC-HRMS e |dentical pPa rameters: Also found with * Would have been found with § common g common Signal ratios reflect accurately Significant concentration
A —> (QqTOF) light ‘ heavy _Time and m/z ranges: encompassed the ranges MsXelerator MsXelerator by manual - . concentration ratios ch:iir:ggneasI (rf;;izlgz\;;agnessla;cze in
Control . Control /’ Time “-Ld‘r:w? -4 m/z :6.02 0.01 INSpection :>:5 2 . . . .
light (*2Co) @ » Divergences mostly linked to ratios and tolerances: x . Validation criteria of relevant features
3 ©-co.su ?: MetabolitePilot: based on peak height, § * All samples (7 different amount ratios from 1:1 to 5:5, 5 different series) were analyzed by LC-MS and the
o) e 4" & ratios 12C/13C=1/1 0.5 (i.e. 0.5-1.5) 3. MsXelerator : 484 feature pairs fi’f A peak areas of the 293 pair list were integrated (some other pairs were manually added to the list).
MsXelerator:  based on peak height and peak area sample Pairs * Pairs indicative of concentration changes (“indicative”):
ratios 12C/13C=1/0.5to0 1/2 * Excellent reproducibility 5:5 (series a) 484 A 5-fold concentration change: -is considered as representative of a significant biological change.
Data processing: for peak picking and pair finding i‘; ((22:: '2)) géi - should lead to > 2-fold increase or decrease in signals.
] o : . : was obtained between the five 5:5 (series d) 499 Given the larger number of * Criteria:
MetabolitePilot required searches to be divided in several
d different series 2:5 (series ) 492 : - Concentration increase: the ratios 5:1 and 1:5 should be > 2 times higher than 1:1
m/z intervals due to limitation in number of pairs that can ' mean 497.6 features pairs reported by on d y ) . 4 - Hould b ‘> ) | ) :
1. Labeling of amine metabolites o be reported. Overall process relatively time consuming. cv 2.1% MsXelerator and that only one - Concentration ecrease: t 0e ratios 5:1 and 1:5 should be 2 2 times lower than 5:5
With benzyl-oxysuccinimide in borate buffer at room temperature. Gellglt or s (heaw) . MsXelerator required a preliminary step to import and * Number of feature pairs pairs  %of55  pair  was  missed, more - CV of peak area ratios < 30% for those samples
2 Biological les: HLEO cell cul 3 N/op convert raw data. One step data processing relatively fast. depend on their concentration —— eresa 8 (Se”esg‘g% thorough data processing was * Pairs that quantitatively track concentration changes (“quantitative”)
. 210I0Z1cal 5aMPlEs. cell cultures ! in the sample 11 (seriesa) 320 ss%  achieved with this software. « Also indicative of concentration changes (i.e. meet criteria of previous category)
: : . L P ( )
Extraction of metabolites: with cold methanol and sonication R—NH, | —— (50(;M’ T R'””7(© * Peak area ratios should equal the sample amount ratio, 30% (max. 1 outlier in the 5 series)
3. Relative quantitation RT, 30 min 0 e CV of peak area ratios £ 30% for all samples (max. 1 outlier in the 5 series)
a) Extract pools B Data inspection :  results from MsXelerator 3
6 - - o - - . Final results L
ij%e extra.\cts (eac’t\ from 5 x 10° of cells ) were pooled in 5 different tubes, defining 5 independent series. r , 4. MsXelerator & MetabolitePilot
yhamic range Data review in PeakView Practical considerations 9
e Each pool extract was aliquoted in three different volumes (30, 60 or 150 pl, i.e. relatively 1, 2 or 5 vol.) 0 Found by MsXelerator == Bad quality MsXelerator
* Samples were evaporated, reconstituted in 120 ul of borate buffer/MeCN, 95/5 (v/v) and derivatized with List of feature pairs generated by MsXelerator was used to build a XIC list e Redundant data n Blank correction 484
either the light (12C) or the heavy (13C) labeling reagent. comprising feature name, RT and m/z. This list allowed reviewing LC-MS data in , _
« 2Cand3C i\be(led)sam les weri (mix)ed in diﬁ‘ererigt combination, according to the initial extract volume Peakli/iewgin order to remove irrele\{ant features and to add misfed ones In-source alteration of chemical structure of the analyte by several processes, Rejected LIl — Na+ / K+ adducts it oD
P ’ & ' ' such as fragmentation (e.g. loss of H,O or HCO,H) and oxidation (addition of O). 102 MetabolitePilot
: : 2 2 189
For™C abelling  For=Cladelling e Na+ / K+ adducts (102 features pairs removed) Consequence: peak pairs not from intact labeled metabolites /
. S . , , ) _ . o o Rejected | 44
Extract pool . Resulting samples (for LC-MS analysis) a) Semi-automated search in Excel, search for ions: Investigation (similar to Na*/K* adducts): Not SISEE
VOl.
(30 ) ‘ ‘ ‘ ‘ 12¢ e differing by 21.98195 ( 0.01) (Na*) or 38.96371 ( 0.01) (K*) & same RT a) Semi-automated identification of possibly related ions in Excel, based on \ validated 175
L evanorate 1vol. || [ 2vol. [ [ 5 vol. | b) Verification in PeakView: by overlaying corresponding LC-MS traces. kno.V\./n mass differences | | quantified D > Not
e ____, 2. Reconstitute  ___ 1vol. 111 | 12 | 15 Note: MsXelerator provides option to filter Na* and K* adducts during initial b) Verification of the results in Peakview validated [ 48 140
(60 pl) 3. Derivatize — RPE . . . . SR £ : : indi i In common
\ L M 2C 8 53¢ 13¢ | vl 51 | 292 peak picking (not following isotope pair ID), which was not fully evaluated. Results (the pairs identified were not discarded from the list): —— 31 | indicative
5 vol. samples 1:1 5 vol. 5:1 5:5 [M+H]" Validated | 218 | — 87 | quantitative 118 .
(150 W) - red 520882 |y 07 [M+H]* Process - H20 - €02 - HCOOH +0 validated | 48
4. LC-MS/MS Analysis 2 j: | Mﬁ:’;f%g? | } Am/z(+0.0lamu)  -18.01057  -43.98983  -46.00548  +1599492 | |@EW i manually and validated + _&55_;_ s indicative .
HPLC system: Shimadzu Nexera. LC column: Cogent C18 (150 x 2mm, 4 um) 2 20088 - 1005 M+Na Matching pairs 12 1 11 1 - 137 =347 quantitative 49 Unique
Mobile phases: A: H20 + 0.1% HCOOH, B: MeCN + 0.1% HCOOH Flow rate: 0.4 ml/min. £ ' vorms moeTe” M+ | |
Gradient: 5%B (0-2min), 25% (6min); 65%B (17min); 90%B (18 min). o a0 0 om0 2 mh T se we 0 o2 e es es E’_‘- 1. P055|ble loss of H,0 EX- 2. Po_smble loss of HCO,H C n I o n & r t.
MS /nstrume.n.t: AB Sciex 5§QO TrlpIeTOF. e Blank correction (80 feature pairs removed) - ous 3y T8.091 O C U SlO S pe Spec |VES
Source conditions: ESI, positive ion mode. TEM=500°C. ISVF=5000V. GS1=GS2=50. CUR=35. c _ ] K heichts of 1565 °
MS experiments: 1: TOF-MS, m/z 110-1000 2-6:MS/MS information-dependent acquisition, CE=30+10, DP=60 omparison ot peak heights of: 5 oes) 5 L, Conclusions :
* Less concentrated sample extract : : : : : :
. T , , 204 - A semi-targeted metabolomics workflow has been developed for the differential analysis of amine-
5. Data processing * Underivatized extracts (extract without labeling reagent) >0t \ fod } \ containing metabolites
Peak picking and pair finding: MsXelerator (MsMetrix) or MetabolitePilot custom tool (AB Sciex)  Reagent blank samples (all reagents except extract) 0000 — - - — ot e N . _ o b i
Reviewing of LC-MS data: PeakView 1.2 (AB Sciex) This was done for each of 5 series, each having both types of blanks. e+ L —= * The strategy takes advantage of selective reagents, available in light (*°C) and heavy (*C¢) forms
LC-MS peak integration: Multiquant 1.2 (AB Sciex) Criteria: Pair was rejected if peak signal in either blank was >30% of derivatized T - The differential labeling strategy allows for the detection unknown metabolites. From HL60 cells, 484
extract. For each pair, at least 4 of the 5 series met the rejection criteria. e |sobaric species s 1038 | 1% possible metabolites have been reported by MsXelerator.
o 30 ‘43 el T T Note: MsXelerator has option for blank correction, but was not evaluated. LC separation is crucial for isobaric | lle e - Relative quantitation allowed to track changes of concentration of possible metabolites in biological
\ AL ARV LI O - metabolites, such as lle and Leu. ) extracts. 137 possible metabolites were found to exhibit significant signal variation when their
X : f\g;gfr‘aegme - 26 \H/Zﬁr:g%';%nerinine E 0 - Acceptable o Rejected N The fact that features can be missed fes concentrations change
iz 6 Serine (Ser) 28 Methionine (Met) ‘g det) 8.0e4 erivatized extract requires careful data review 0e0™
£ 7 Hydroxyproline (Pro-OH) 29 Serotonin (Sero) g 6.0e4 Derivatized blank 93 1000 1050 10 115
2 8 Glutamine (GlIn) 31 Ornithine 2x (Orn 2x) 2e4 4064
ke 9 Aspartic acid (As 30 Tyramine 1ed. ivati 742 2300479 from A 9FILEO 55 (pool 1), subrange I .
i 10 GI\?cinte (Gly)( i 32 GySH 2x 0e0’ - Jndervatized extract ® “Mi d” feat PerspeCtlves )
1 capaired ton (6556 33 Crotmaye)2x R L B I L I55€C_Teatures ot S s . Evaluation of peak height (instead of peak area) and blank correction within MsXelerator software
! e ethionine Oxidized (Met- nurenine (Kyn C|05e unreso|ved eaks were found to R . . . . . .
* 14 c“ﬂuiamgcacig(elu) (Wier0) T :<syole‘ucine(l(lg)y) e Removal of features with low significance (9 pairs discarded) oo o c’ause i’ misseil oak Dairs P o - Evaluation of automatically-triggered CID experiments possible on QqTOF-MS instrument for structure
Te Ao 38 Pramoaet) ohe) . - . . PEaKp E | elucidation of metabolites with accurate mass MS/MS spectra
17 Glutathione (GSH) 39 Tryptophan (Trp) Manual inspection in PeakView; related to peak with unacceptable S/N (< 3) fo4. missed _ . . . .
L 18 GABA 40 Hydroxy-kynurenine 2x (Kyn-OH 2x) . . L - Identify unknown metabolites (using synthetic standards, when possible)
(I Nl ERRNE 19 Dihydroxyphenylalanine 41 Cysteine (Cys) 2x Results: - Relatively marginal (ca. 2% of the initial data) oo
fime, m R a2 _S-benzylcysteine 3840 45 80 28 80 88 0 - Labeling of carboxylic acids with aniline as labeling reagent (available similarly in a heavy and a light form)
LC-MS known derivatized metabolites 22 Hydroxy-tyrptophan (Trp-OH) "




