Selective gas-phase Schiff base formation of phosphatidylserine lipids In Imaging mass
O 2o 0l Poster #: ThP 146 spectrometry using charge inversion ion/ion reactions

Zoom Q&A: 939 8845 1704 Xizheng (Colin) Diao'; Boone M. Prenticet

. . " " " " " 1 UNIVERSITY of
6/11, 5:30-6:30 PM CST IDepartment of Chemistry, University of Florida, Gainesville, FL FLORIDA
OVERVIEW RESULTS
 Purpose: To separate |sobar!c phospholipids in imaging Schiff Base Chemistry and Instrumental Setup Separation of PE and PS Lipids from Tissue
mass spectrometry (IMS) experiments. Ow ", Vi v <id Y B
% Approach: Charge inversion ion/ion reactions were used to & The N,N,N’,N’-tetramethyl-N,N’-bis(6- N~ YN 'l'v\/\/\.},/\ a) ousc o ne o—— ) Mouse Brain
selectively react with PS (but not PE) lipids using gas-phase oxohexyl)hexane-1,6-diaminium o 5 K > H,0 ?+ OJ? Irecu_rsor on Ion ro uct Precu_rsor lon/lon P_roduct
Schiff base chemistry. (TMODA) reagent has  been NN N N\ o8 VR, maging maging Imaging Imaging
% Results: The differentiation of isobaric PS;g0,60(M/z synthesized (Figure 3) | 07"\ o o - Yoo O}}_R1 [PSyomsi-HT [PSisoss-H+TMODA-H,OT" | [PSisonss-HI" [PSisomas-H+ TMODA-H,OT*
762.528) and PE 4.0/,.¢(M/z 762.507) is demonstrated. < The charge inversion reaction AT H,N o} oH O’I(R2 l N~ 8 m/z 788.544 m/z 788.544 m/z 1140634
s Significance: Gas-phase derivatization represents a rapid mechanism between TMODA and PS is T oR \)K/O = #5_‘ o g Y .
and selective method to differentiate compounds based on drawn in Figure 4. HOOC O (737’ 1 \ O‘I%E-)OHOJ(RZ Wt ‘
chemical reactivity without the need for chromatography or % The gas-phase reactions are performed N~~~o e EOOH O),_R1 2 e = -,
sample manipulation. on a modified ET-ICR MS. Figure 3. TMODA reagent synthesis. Figure 4. Gas-phase Schiff base reaction mechanism. O [PE g-020-6-H] [PE18:0,2/2:6-H+TMODA]+ [51%8718621;'3;'] ! I’lT?/Ozlzjz.f60 808 ]
. ) 1160.898 | |
INTRODUCTION (lipid standards or from tissue) = Hexapole m/zggss e y 100% P oo
100- " generated via MALDI and doub!y ‘ o OMF reaction cell o ICR cell % X J - I
Isobaric compounds are often > / charged TMODA cations generated via == H %3 | S
unresolved in many -omics & / ESI are sequentially isolated using the || ‘WI[mJ]‘cq] = =g 00055 |].:..:..:. ) L D0l @ (o = T " . ‘ —
workflows (Figure 1). The 2 / guadrupole mass filter (QMF) and ||iy L, _dl ATJH':'IJ':' ST o00lE==[] ':":”:'Hﬂ' 1] @ @ f]01™ Figure 8. Distributions of PS and PE lipids before (”Precursor Imaging”) and
confluence of ions with similar @ 50 / injected into the hexapole reaction cell. ‘ _ after (“Ion/Ion Prpdu_ct Imaging”) charge inversion ion/ion reactions in mouse a)
m/z values can lead t0 & / The product ions are then transferred to U;';) =Sl * ESl-generatedcation @ Product cation kidney and b) brain tissues.
inaccurate depictions of & /A the ICR cell where they are subjected ; _ _ _ _ These results confirm that spatial fidelity is maintained for PE
molecular distributions in IMS 0 3= oo el : to sustained off-resonance collision E :  Cation lonization : lon/lon Reaction :  Mass Analysis : and PS following the ion/ion reaction. Ongoing experiments are
762.47 762.50 762.53 762.56 _ _ o : : 500 : (200 ms) : (500 ms) : Time (ms) : B _ _ _ _
experiments. m/z induced dissociation (SORI CID) and : : (500 ms) : : : > evaluating the ability of this reaction to separate truly isobaric PE
Figure 1. Example of isobaric lipids. then mass analyzed (Figure 5). Figure 5. lonfion reactions are performed on a 7T solariX FT-ICR MS (Bruker Daltonics). and PS lipids (Am of the precursor ions in Figure 8 is 2 Da).
Gas-phase Charge Inversion lon/ion Reactions Gas-Phase lon/lon Schiff Base Formation CONCLUSIONS
[phospholipid - H]l' + [Reagent]2+ — [phospholipid - H + reagent]1+ b) E_Sl-generated TMODA reagent  C) Lon_g-lived ion/ion_complex and d) CID of Schiff base product < The separation on phosphatidylserine from isobaric
h'ff‘bA or A\S,rfff ; dications Schiff base formation (-H,0) phospholipids is achieved using selective gas-phase charge
_ S S i _ 10 SCATTTBASe S 100- 100 100- 00 [P5-H+TMODA-H,0-COOH]* inversion ion/ion Schiff base chemistry.
- 7 2+ + - . : . .. .
ecfgiirgr?t Inr\ézrlfilrc\)gn 'tﬁglrlrc]mi drsgl?;loglsjitzzle froarplcllj’seselslfrt;xg’ I?\;I]g *?, [PS-H] [TMODA] [PS-H+TMODA-H,0] *» The ability to separate a range of isobaric lipids in imaging
] . : = - -H,0]* mass spectrometry is currently under investigation.
experiments. These reactions are performed in the gas-phase at £ . [PS H+TMOD6..':' iol . p Y Y . J
every pixel during the imaging experiment. Rather than = 50+ 50- 50; [PS;H+TM9?A] 50 ~ o Alterngtlve gas-phase_ _chemls:trles could be wused to
fractionation on the basis of molecular weight, this approach = S e 1 selectively target other lipid functional groups.
allows for separation based on different chemical reactivities. E olb— 0 il 355 T300 ol Ll . l | 0 Ll L REFERENCES
. 400 800 1200 4 400 _, 800 1200 400 ., 800 1200
PhOSphO“pld Structure m/z m/z m/z m/z 1. Reid, G. E.; Shang, H.; Hogan, J. M.; Lee, G. U.; McLuckey, S. A., Journal
Phospholipids contain a o Figure 6. Charge inversion ion/ion reaction steps show: a) deprotonated PS,q. 6. @nalyte precursor ions, b) doubly charged TMODA reagent of the American Chemical Society 2002, 124 (25), 7353-7362.
diversity of head groups. PE o o \H)O([i\RZ R,, Rs= Acyl chains cations, ¢) long-lived reaction product complex and Schiff base following ion/ion mutual storage, and d) SORI-CID of Schiff base product. 2. ggzntlce, B.; McLuckey, S., Chemical Communications 2013, 49 (10), 947-
and PS lipids uniquely have R.o-RS O _R; 3. Steph - | |
_ O . . .. i : phenson, J. L.; McLuckey, S. A., Journal of the American Chemical
an amino group that can .. E’/Head Groups Reactive lon/lon Separation of Lipid Standards: PE4.5/50.4(M/Z 762.507) and PS,g.0/16.0(M/z 762.528) Society 1996, 118 (31), 7390-7397,
otentiallv be taraeted via 4. Zemski Berry K A, Hankin J A, Barkley R M, et al. MALDI imaging of lipid
gchiﬁ ybase ?:hemistr OH Phosphatidylglycerol (PG) o 3) PEis:0122:6(M/2 762.507) Q b) PS1g.016:0(M/2 762.528) biochemistry in tissues by mass spectrometry[J]. Chemical reviews, 2011,
stry. M S 100 [PE-H]- 100 [PE-H+TMODAJ* = 100- [PS-HI 100; 111(10): 6491-6512.
However, PS (not PE) lipids OH , P 2 [PS-H+TMODA-H,0]*
have an additional carboxyl A~ N(eHs) Phosphatidylcholine (PC) % Q ACKNOWLEDGEMENTS
. . 0]
group, which provides the £ 50 50 = _ _ R _
necessary H to drive water /\/NH2 Phosphatidylethanolamine ® —) E) 50 =) 50 [PS_ H+TM(3?A] & Prentice Lab Members 3 .
. (PE) 2 =TT - » . e - A \
loss and complete Schiff 5 e < Bruker Daltonics
base formation, so Schiff NHz  Phosphatidylserine (PS) ¥ % 400 800~ 1200 0400 800 = 1200 ¥ 05300 0 a8 1300 < Department of Chemistry, University
base chemistry will be Lo m/z m/z m/z m/z of Elorida

Kunique to PS (and not PE). Figure 2. Phospholipid structures. ) \_Figure 7. a) PE: a long-lived complex, but no Schiff base formation, is observed. b) PS: a long-lived complex and Schiff base formation 1s observed. /  \




