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University of Thessaloniki, Thessaloniki, Greece; 2Biomic_AUTh, Center for In total, 32 bile acids were analyzed by established LC- TAURO-ALPHAMURICHOLIC ACID SODIUM SALT C26H45NO7S 514.0843
. . . . o ! . . . Intens, | DEHYDROCHOLIC ACID C24H3405 401.2332
|nterd|sc|p||nary Research and Innovation (C|R|_AUTH)’ Thessa|0n|k|’ TIMS-HRMS method and an in-house Ilbrary was built 3 A I SODIUM TAUROURSODEOXYCHOLATE C26H45N06S 498.2894 . :
) ) . . . . o USing -the reSUIting data (m/z, RT’ ion mob”l-ty) | " ’ ’ ? = “ * e GLYCOURSODEOXYCHOLIC ACID C26H43N05 448.3067 . .
Greece; 3School of Chemical Engineering, Aristotle University of Thessaloniki, ) TAYROCHOLIC ACID SODIUM SALT HYDRATE C26H45NO7S 514.2842 . . Su m mary
. . ] 407.2802 : :
Thessaloniki, Greece; “Bruker Daltonics GmbH & Co. KG, Bremen, Each ?OmDOUﬂd was prepared in accordance Wltp1tge ; LYCOCHOLIC ACID HYDRATE 261 4aN0E 464.3013 4 .
) _ ] manufacturer’'s instructions, at a concentration o ug - (BALPHIOR ST 7 LPIHA)E TRIINDRCI B ZQNOCHOLANE o) s 405.2647 : : mi _ _ i i
. . 6 3 )
Germanyr >Bruker Daltonics GmbH & Co. KG, Blllerlcar |V|A, USA' School of mL™", and was injected into the Chromatographic system ] ALPHA—QI\jllUOlecg((:)ll?ICACID C24H4005 407.2801 : : We qevelOped and_ Optlmlzed _an UHPLC TlMS HRMS meth.Od WhICh prOV|deS
Medicine, Aristotle University of Thessaloniki, Thessaloniki, Greece iﬂdividgan_y. ﬁCS vslges wfereBrZeasurled_m .‘[ripligate, under | SODIUM TAUROGHENGDEOKYCHOLATE CaHIENDES ZERRTEE : : confident annotation for 32 bile acids in complex human biomatrices.
t € Optlmlze con ltlons or Sanha ySIS’ In oraer to ] TAURODEOXYCHOLIC ACID (SODIUM SALT) C26H45N06S 498.2898 . . ihili -
) calculate the relative standard deviation (RSD) values | LB OB ST oo — | | F.urt.hermore, we testgd system reproducibility and compared our results with
IntrOd uction RSD values were below 0.3% in all cases, indicating high : MURIDEOXYCHOLIC ACID 0244004 391.2857 < - similar methods published before.
SyS’[em repI’OdUCibiH’[y 1 GLYCODEOXYCHOLIC ACID SODIUM SALT C26H43NO5 448.3072 . .
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Blle.aC|ds (BAS) are denyed from cholest.erol.and have been linked with a number The established LC method allowed separation of the ] 2' 4 U;. il B %LL ) i i _ SLICOYODEOXYENO [CACIE oS - | _
of disorders, including diabetes, metabolic disruption, and colorectal cancer. majority of the studied BAs e URSODEOXYCHOLIC ACID C24H4004 391.2853 . .
. . . . . . . . ’ ALLOCHOLIC ACID C24H4005 407.2805 . .
Since all BAs have similar structures, their annotation in complex biological Co-elution for isobaric BAs was still observed. As shown = EIV VT CHOLIC ACID 02414005 4072800 _ _ Refel‘ences
matrices can be exceptionally challenging. For their analysis, mass spectrometry in Table 2, isobaric cholic and allocholic acid, and alpha- .| B ] C Al S — 502808 < '
(MS)-based methods are frequently used, however identical mass-to-charge muricholic and beta-muricholic acid co-eluted fromthe | ) SODIUM TAUROLITHOCHOLATE C26HASNOSS 4822939 i : [1] https://doi.org/10.1007/s00216-019-01869-0
ratios and fragmentation patterns are not uncommon'2. Additionally, they share LC. TIMS allowed to separate the [M-H[" ion species. This | e ISALT ot s o .
similar polarities and thus their separation by LC-MS methods is also difficult®. demqfnstratecéadded quII\/IS]I_cC;r enhancing the mdethOd | N CHENODECXYCHOLIC AGI atsdo0s 9912850 ~ ~ [ ips fieotorg A T2 ssms. DD 1S
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: ; : ) ) : : annotation compared to conventional LC-MS methods. | | | 1o e |
HRMS) is an attractive tool for separation of isomeric and isobaric compounds o - T - _ 3ALPHA,7ALPHA,12ALPHA-TRIHYDROXYCOPROSTANICACID  C27H4605 449.3272 : . [4] https://doi.org/10.1021/acs.analchem.5b01556
as the separation is orthogonal to LC. Fig. 1: LC-TIMS-MS analysis of 32 bile acids standards (10 pg mL-1) (A) 3-0X0-5BETA-CHOLANOIC ACID C24H3803 373.2744 T ' ' ' '

extracted ion chromatograms (B) MS spectra (C) extracted ion mobilogram. LITHOCHOLIC ACID C24H4003 375.2911 207.2 0.1 8.9

* Measurements in three different days.

[5] 10.1039/c8sc04396e

Here, we established a LC-TIMS-HRMS method to determine BAs in negative
electrospray ionization. The proposed method was applied for profiling BAs in

fecal and serum samples. 2) Method for proflllng BAs in biological samples Table 3. Bile acids annotated in biological samples using MetaboScape®. Columns Am/z, ART .
- - and ACCS show the deviation between theoretical and experimental values. ConCI USIO“S
Method S A C Name Am/z ART ACCS
| R v e e Ay 2117 0.02 0.39 CCS values are used as a annotation criterion in the LC-TIMS-MS method
Standardg. Bile Acid/Carnitine/Sterol Metabolite Library of Standards (BACSMLS) . 3—ogicinBAE;ﬁ-Lc;HHc;Lf\mg:Hf|D 0.186 0.09 0.23 for 32 bile acids. This increased confidence in Compound annotations.
was obtained by Merck (Germany). . TRILYDRONYCOPROSTANIC ACID 1.270 0.07 0.62
Samples: Lyophilized (Ly) fecal, aqueous (Aq) fecal, serum N nMJUL 1 FIYBROXYSOXO G OLESTAEN26-01C 1378 0.15 0.26 The proposed method was tested for its reproducibility and deviations in
”‘“'LL I I : ; B P P2 3 e o T T T : ety = x = o o - = O/ | i
Preparation protocol: Ly fecal: extraction of 10 mg sample with T mL e A CHESEEi%iscLzﬁc)AL?chAC|D 82518 8:(13491 32?53 CCS values below 0.3% in three different days were observed.
H,O:isopropanol:acetonitrile 2:1:1 v/v/v; Aq fecal: extraction of 30 mg sample B Fig. 2: Total lon Chromatograms (A) serum (B) Ly fecal (C) Aq fecal DEOXYCHOLIC ACID -0.384 0.06 0.90 We extracted bile acids from three different biological matrices
with T mL H,O:isopropanol:acetonitrile 2:1:1 v/v/v; serum: extraction with g HYOCHOLIC ACID 0.927 0.07 0.34 ,,
. RT [min] mfzmeas. CCS (A9 Name Molecular For... = Annctations = AQ ¥ Flags ART | Amfz[ppm] ACCS[%] Mob. 1/KD HYODEOXYCHOLIC ACID 0.569 -0.09 027 (lyopl’n“zed fecal) aqueous fecal and Seru m)
methanol (1:1 v/v) 3 use| smows| ssolimHocoUCATD | Cotteds T T T LITHOCHOLIC ACID -0.279 0.06 0.37 5 | |
LC: Elute UHPLC, Waters Acquity BEH C8 column (100 x 2.1 mm, 1.7 pm). S| 7os] mroms| 7] CENoDEWCHOLCAGD | Cotled, ) T T MURIDEOXYCHOLIC ACID 0.121 0.02 0.32 Untargeted profiling using MetaboScape® software enabled automatic
4 5 869 3732755 2010 3-OXO-5BETA-CHOLANOIC ACID | CasHazg0z 0.09 1922 1.8 0.968 NUTRIACHOLIC ACID 1.426 0.11 0.51 . . . .
! LC gradient following a modified protocol from Sarafian et al.%:. L w Wl Fig. 3: Example of BAs annotation using MetaboScape®. TAURODEOXJg;OOé_L'C;ﬁ%[;(CSWC))DIUM SALT) Sggg 8.8;1 —8.;170 annotation of bile acids or other compounds of interest.
Table 1. Gradient elution program. Solvents: (A) acetonitrile:H,0 10:90 v/v, 1 In total, 12 BAs were annotated in the human aqueous fecal, 14 BAs in the lyophilized fecal and 7 BAs in human serum, using the Target BETA-MURICHOLIC ACID -0.840 0.07 0.08 TIMSCCS values reported here were Comparable between different
mM ammonium formate, pH adjusted to 4.2 with formic acid, (B) List for 32 bile acids (containing name, molecular formula, retention time and CCS value). Raw data were automatically recalibrated for : - r : -
acetonitrile:2-propanol, 50:50 v/v. mass and mobility using MetaboScape®. laboratories, demonstrating the capability for confident interlaboratory
Time (min) Flow (mL/min) %A ili SnmeLEiens.
° 3) CCSvalue Comparablllty Tables 4 and 5. "™SCCS values are comparable between different laboratories (right) CCS (A2 %CCS deviation
0 0.4 90 dtothe CCSC dium datab below).
CCS values reported here were compared to drift tube anaro e ompendium database (below) Name TIMS Brermen TIMS TheSST;'l\gSiki vs
2 0.4 20 (DT) values published by Picache et al.? in the unified cos (A %COS deviation Thessaloniki | "1\ s Bremen
12 0.4 0 gCtS CorqﬁenT?h;gEnccéataZa;%ggtéle 4). Th de' errors Name Siache ot al TIMS TIMS Thessaloniki GLYCOLITHOCHOLIC ACID 1988 1983 03 Ackn OWIGdgementS
15 0.4 0 etween e an ormpenaium were ' Thessaloniki | vs. Picacheetal.® GLYCODEOXYCHOLIC ACID 199.2 198.6 0.3
15 1 O 4 90 be|OW_1 7%”’] a” cases. Table 5 ShOWS the CCS SODIUM GLYCOCHENODEOXYCHOLATE 200.6 1993 0.6 GLYCOURSODEOXYCHOLIC ACID 200.5 200.3 -0 The Work WaS part Of the prOJeCt "FOOdOmlCSG R_Rl ComprehenSIVG CharaCterlzaUOﬂ Of
1é 0.4 90 devtlﬁtlgn US'dnEéWO EC'TJLMS'MS Setﬁpj-_ Dltfferent MS GLYCOCHOLIC ACID HYDRATE 202.2 201.0 0.6 GLYCOCHOLIC ACID 201.6 201.0 0.3 Foods” (MIS 5029057) which is implemented under the Action “Reinforcement of the
- et e (e o e L R i oW B LI I Research and Inovation Infastructure’,funded by the Operational Programme
MS: timsTOF (Bruker Daltonics) equipped with ESI source. Thessaloniki, Greece). CCS values were highly HYOCHOLIC ACID 204.2 207.6 1.7 TAUROURSODEOXYCHOLIC ACID 207.2 206.6 03 Competitiveness. Entrepreneurship and Innovation (NSRF 2014-2020) and co-financed by
: : ot 0 ALPHA-MURICHOLIC ACID 205.6 209.0 1.6 TAUROCHOLIC ACID 207.0 206.4 -0.3 i '
Acquisition: Optimized broad range full scan TIMS-MS acquisition reproducible with deviation below 0.3%. Greece and the European Union (European Regional Development Fund).

Software: Compass HyStar Version 6.0, Compass Data Analysis Version 5.3 and
MetaboScape® Version 6.0.2 (Bruker Daltonics).
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