QMQ Integrated Platform including Automated Bligh and Dyer Extraction and Dual-Column
UHPLC-MS/MS Separations for Metabolomic Analyses of Tissues and Cells

Emmanuel Varesio ' R LEY Sample preparation workflow for Bligh and Dyer extraction Analysis of the lower organic fraction (UHPLC system 2)

- Automated Bligh and Dyer extraction for metabolomic studies.

Guenter B()eh a) Manual off-line preliminary steps b) Automated on-line sample preparation with RTC platform Automated evaporation to dryness Distribution of the compounds after B&D extraction
« Dual-column UHPLC setup for the analysis of the polar and lipidic fractions. ~ CHCI. - 0.35 bars MeOH - 0.70 bars a) :
S d J h 1 _ o _ _ _ _ = » » After evaporation, different reconstitution volumes (i.e. 100, 3065 E
andara ann » Alternating acidic and basic mobile phase for the separation of the polar fraction. r 150, 200 uL) of MeOH were tested for the organic fraction ] ;
. s A - o Add 225 uL HZO + 225 pL CHC|3 - ; e (injecting 5 pL on the C, column). 150 pL were found to _ 2005] 3 o E
Sa ndrine Cud re - |dentification of unknown compounds by SWATH HR MS2 spectra acquisition. Y 1 mL of algae culture | EEC Vortex for 10 s = e sufficiently concentrate the sample and chosen for further ; T
~ 3.5 x 10° cells amydomonas reinhardtii . . g g g ' E : g g
: . 9 - ﬁ? ( ) (ehiame e ' Centrifuge for 5 min. (4000 rpm, =900 x g) | | experiments. A ¥
Re NnzZoO P iIcenoni I ntrOd U Ctl on Add 1 mL of cold ag. MeOH 80% Aspirate upper fraction  Aspirate lower fraction N 5 5 B B & & -H 8 & & B- : o : g The automated B&D extraction lead to efficient separa- o S I I
’ . . . . . . . ' 0 e 1°° ° tion of polar from unpolar metabolites (figure 5). O T S 4 5 6 7 5 s fom 12 13 da 15 16 4
G e ra rd H O pfg a rtn e r- L Sample preparation workflows for metabolomic studies of tissues or cells require most of the time a Bligh and v (-70 °C, metabolic activity quench) | _ m | _ 50 8 5o ag P P (fig ) b) Time, min
Dyer extraction or one of its variant (e.g. the Folch extraction). This step is cumbersome and generally perfor- %"“; 1) Aspirate 500 pL of upper fraction 2) Aspirate 250 pL of lower fraction : 5 oo oo : 8oovsos Only few compounds with amphiphilic properties were re- 008 )
med manually in order to separate the aqueous fraction containing polar endogenous metabolites from the (H,0-MeOH fraction) / \ (CHCI, fraction) DT etentmemm cvaporation time (rin trieved in both fractions (e.g. metoprolol). These results are “e ¢
organic fraction containing apolar compounds like lipids. Proteins remain at the interface of the two solvents. v Spin down & flash freeze the pellet (N, qu) @ @ — Fig. 4. | Evaporation plots by a gentle N, flow at 35°C (n=3). in accordance with comparative analyses of manual ex- g 7 £
| tracted SST test mix. g 1o 5 8
Here we propose to integrate an automated Bligh and Dyer extraction on a robotic system including a %‘@ Dillgidro()n 5L-folldd tl)y addin? 60 pL Evapor‘?ttr? ;ilo dryness The automated evaporation of 400 pL in 1.2 mL vase vials was achieved Fig. 5 | Representative XIC traces (20 mmu) of selected metabolites (SST 0.2 ug/mL) sepa- e 1
- : - - | ' ' _ ion i . . L llution solvent Wi i in. i | | ion (n=3). soed| S 58 2
Life Sciences Mass Spectrometry dugl column UHPLC MS/MS platform f(?r the metapolomlc analysis of tissues or cells .T_hg aquegus.fractlon IS Cells disruption by cryogenic grinding to UL O u on solve , \ v 2 gas in less than 7 min o 14 min. for CHCI, or MeOH, respectively. Z’fﬁé’fﬁfé’éﬁ’ﬂffﬁfi’;g,?ffa‘iiiffjéiﬁtiﬁr;% 3L)MeOHonC . : £
it and lysed tially at two diff t mobile ph H val h the lipidic fract ' ~ 10% MeOH / ) Analy g H ; (inj. 5 L) P Y | |
ISp I danlt anatylse ?re]quen |ta ydadWO dl e::'en MOoDolie p dasSe p va UeS, wnereas e |p| IC TracCtlion IS ana- (30 S, 30 HZ, 025 mL gIaSS beads Q — 10_15 mm) (~ o e n Samp eS) pH 3 pH 8 (035 ba,; 35°C’10 mln) b) Analysis of the 5x diluted aqueous fraction at pH 3 on C18column (inj. 25 uL) 1T 2 3 4 5 6 7 T?me,gminm 11 12 13 14 15 16 17
. . sed alternately with an extended gradient. Evaporation device
School of Pharmaceutical Sciences d &@ :
University of Geneva 3 Add 1’140 uL H,O:MeOH:CHCI, (0.8:2:1,v:v) - Reconstitute in 150 uL MeOH = - =
ML VIBUI i3 ) Add chromatographic standards | g y
University of L ausanne |nStrU mentathn % (30 s, 30 Hz, mixing with Mixer Mill MM 400) Jrdp v ' v Add chromatographic standards Omparlson O aUtomate Vs' man ual BII h an D er eXtraCtlon
= To compare variation and repeatability of the automated Bligh & Dyer extraction via the RTC platform with the common manual procedure, n=5 extractions of Chlamydomonas reinhardtii
_ Au tomatEd Sam ple Prepa I'atlon Platfo rm T ¢ tant @ @ @ algae were performed, respectively. From the analyses of aqueous (AQ) and organic (ORG) fractions, ca. 20 variables were selected randomly by means of Marker View and/or Peak
Geneva SWItze rland ranster supernatan View software (only monoisotopic peaks with S/N > 30 were considered) and coefficients of variation (CV) were calculated for the corresponding peak areas.
’ (855 UL into a 2 mL glass vial) '
Low-pressure B . : Lower variation (CV < 22%) and, thus, better repeatability was obtained with the automated approach throughout all experiments as shown in figure 6. This result was espe-
gradient UHPLC | S TS m aL Alternately inject 25 pL on C18 column Inject 5 pl on C8 column cially pronounced for the LC-MS runs of AQ fractions at pH 8 and of the ORG fractions.
svstems “ @ T/ b) Automated B&D extraction with RTC platform (UHPLC system 1) (UHPLC system 2)
y v a) mm AQ pH3 automated AQ pH3 manual —e—CV automated —e—CV manual b) mm AQ pH8 automated AQ pH8 manual —e—CV automated —e—CV manual c) = ORG automated ORG manual —e—CV automated —e—CV manual
P ark Stati ONS Reconstitution 2 > 3.00E+05 25.0 8.00E+05 45.0 3.00E+06 30.0
CTC Analytics AG with the different solvents rack | - — T las 00 N .
| : g ] o ol B - - 2 50E+05 - | 2 50E+06 25.0
| | ransfer tools - ¥ iy e Analysis of the upper H,O-MeOH fraction (UHPLC system 1) 1 \ A \ N
Zwingen, Switzerland Vorte b= BRI _ - _ _ _ _aweas. . A VR _ 2 T 1
o el On-line sample dilution with the RTC robot Alternating pH of mobile phases : - g b 250 g N -
&l L et ) 1.50E+05 - & o 4.00E+05 - — ° O0E+ 0
’ ' | g a) b) s c) A) or v Compeungtne - e The upper B&D fraction is analyzed at two different mobile phase p2 (i.e. § ]\ V4 00 5 § 200 O § V V \ 5
35041 5 . o | o - - . pH 3.0 and pH 8.3) to improve the retention of certain polar compounds Z 1005405 | Z 3.00E+05 - M - 2 1.00E+06 R 100
. ‘ E g g : (O —— - - " (e.g. adenine, nicotine). When alternating the mobile phase pH, the column ) —_ \ A )
N : : 5 * “ . reconditioning time for the basic pH is critical to have a stable system. 5 00E+04 - — 50 f ' 100 5.00E+05 . 2h & T 50
g Il | . I No——d /
2504| : o = ¢ * Thus, injection scheme B (i.e. alternating every injection) was preferred. 1.00E+05 - I 50 ]1 ; iI : l‘ r Y il l‘ :
L 5 - = i =5 55 = _ il E g f F
= Y : £ = = 0.00E+00 - - 00 0.00E+00 T f ]I EE I[ EEEE 0 0.00E+00 - NOUSMOOTONTNI O N 00
g 2004 i = = Study _pH PR R PR I SR B R Db e B B B B el B B CEggEeg2PPogREROE LD
T R PR e TR " T )
| §> 5 g i \ § %% % b) oweon wvewme o CompoundtamerGaffene A : :z : : : : : ) Vadr)lable [m/zIRT] ) R c:la:atl:lem[m«;zl:TT T CUUTEEET Variable [m/z/RT]
| é § § % E E T - S . pH 8.3 ® + O * < Fig. 6 | Column diagrams showing the peak areas of selected variables (defined by m/z and retention time, RT) as well as their coefficients of variation obtained after analysis of the aqueous (AQ) and organic (ORG)
5.0e3 ‘t L iy § 1 S . = s . pH 3.0 e N + % < B&D fractions from the automated or the manual extraction procedure (n=5): a) AQ fractions at pH 3 - C,, column, b) AQ fractions at pH 8 - C, column, ¢) ORG fractions (pH 4) - C, column.
o L B0 L X S | e N B T oH a3 o - * <
1 2 3 4 5 6 7 8 9 10 11 12 13 min. 25% O e hd - hd = : oH 3.0 ® ] + * <
B O ) oo O B | | | [ | m m - =
Fig. 1 | XIC traces (20 mmu) of selected metabolites (SST 0.2 ug/mL in 10% MeOH - 5 uL). . ot . - - < pH 8.3 ® + B * < U d f d d d S I S
Selected compounds eluting throughout the gradient (a-c) with plots showing the fan . i —— ® oH 3.0 ® L PR < n k n OW n S I e n tl I catl o n W I t h ata I n e p e n e nt M M a c q u I S Itl o n
—g _. 0|umn oven influence of MeOH content in sample solvent and injection volume (n=6). T RetemtonTime(minl | Area ot reltive to 10 uL inection | Height ratiorlatve 9 10 L injecton | Width (min] 1 5% peak height : : : : : . . : :
wash statidn’ ot 8.3 e + m * h LC-MS/MS data from automated and manual B&D extractions of algae were acquired in SWATH mode enabling the generation of data independent MS/MS information due to dynamic Q1
- For polar compounds (e.g. plot@), peak width increases C) o b costans i PH 3.0 o = + % <] windows.
The RTC robot (CTC Analytics) was equipped with several modules as shown on the picture above. when injecting more than 5 plL, but area ratio remains ade- B 0 R T S S S : pH 8.3 . = * <
quate up to 10% MeOH in the sample solvent even with an w S 7 S c e ¢ ¥ - * < The results could, thus, directly be subjected to a library search without the need of performing further targeted MS? experiments. Using both an in-house SWATH-based library and other
Dual-col umn U H P LC-MS I nSt ru mentation injection volume of 45 pL. - 3 S S ST il I .' o < commonly known spectral libraries (e.g. MassBank), certain unknowns could quickly be identified.
TouL . o ° . pH 3.0 o + % |
: : : For lipophilic compounds (e.g. p't ¢), peak width remains T : ™ e - s
For chromatographic separation of the B&D fractions, two quaternary low-pressure Nexera LC30AD UHPLC pumps PORNITIE SOOI (- 9. prot ©). p - e o - : - ° T x = As an example figure 7 shows the experimental and theoretical LC-MS data of adenosine which was identified from analyses of AQ fractions at pH 8 (automated approach).
: : : . .. at 0.1 min. with large injection (45 pL), however higher or- : s L . o 1 2 3 4 s & 7 8 o 10 1 12 13
(Shimadzu) were used. The polar fractions were diluted on-line by the RTC robot and injected onto a 100 x 2.1mm . . . . . : - = : -
. . . - . . . ganic content in the sample solvent is required (solubility). o Bt paos 12 s owea @5 12 s 100 02 0s 0o 09 i Retention Time (min]
XBridge BEH C18 XP column (Waters) running alternately with an acidic or a basic mobile phase. The organic e e e son | e e rseme  Bneome oo Wcoome M orofeme 1 HOosest. & Anangamde B HC a) ...l e b) C,,H,,N.O, [M+H]" c) SWATH MS? Spectrum.
fractions were evaporated to dryneSS, reconstituted and injected ontoa 150 x 2.1 mm XBrldge BEH C8 XP column. The water-methanol Bligh and Dyer fraction contains = 50% MeOH, thus an on-line dilution is necessary to lower 3 Fetention ¢ ooctod e (SST02 wa/mL) for three iniection sch | Fig. 7 | Exemplary result after . 268.1038 800/0_CE =20-60 V 136.0619
Both columns were kept at a temperature of 40 °C in a HotDog XL5090 oven (Prolab). the organic c:f[)-nt.enttir:j the salmple solventt. I?if(fjere{\r’: ffiIUtliQO'P c;‘ac:tt())rf, with their adapted injection volumes to keep the 9.3 Af;,’,’,y";L;@e;f)bifee,fh‘j,sef‘;m‘;‘gj?,e;;ase bHu V‘CjaTafte%atz,eéCﬁ; ,',fj';j;oimes ﬁ/iﬂﬁ% rtgreyl?ofsgse Haet 2500 .
, _ same amount injected on-column, were tested wi e robot. C) Mobile phase pH was al d d injection. . 1204
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Plots were done with Tableau Desktop Professional v. 8.1 (Tableau Software) or Excel 2010 (Microsoft Office Plots on the right show the on-line dilution results for the selected compounds labeled on the XIC chromatograms (n=6).

For other compounds (e.qg. *, §, #), consistent results were observed across the dilution factors.
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