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ABSTRACT RESULTS The MS/MS data was subjepteq tp analysig in SimLipidT'VI Sqﬁware. Figure .5 shows the typicgl idfentification rce’su!t in T
SimLipid™ Software. The SimLipid™ user interface is organized such that important information is at the user’s finger
Within lipid research mass spectrometry is one of the most sophisticated technologies for identification and MS and MSMS data was acquired in positive ion mode. Figure 1 shows an example of a Lipid standard showing tips (Figure 5). The navigation window on the left makes it easy to move from one spectrum to the next within each PR
quantification of lipids from biological mixtures. MALDI TOF MS analysis has unique advantages for structural five different Glycerolipids [GL] of the lipid class Triradylglycerols [GLO3] and sub Class Triacylglycerols [GLO301]. project. Search results are displayed in two panes: The search results display pane and the annotation pane. Here N /
characterization of lipids and recently, Phosphatidylcholines or Glycerophosphocholines (PC) have been Interestingly the Triacylglycerols are all detected as sodiated molecular species. As typical for MALDI analysis, all the results for the MS/MS of the precursor m/z 577.449 (TAG 30:0) are shown. SimLipid™ ranks them on the basis of
detected by direct tissue analysis using MALDI-TOF-MS.14 However, the major challenge in mass spectrometric molecular ions are detected as singly charged ions. Several MALDI matrices have been tested for the analysis of the peaks observed in the MS/MS data that correspond with diagnostic ions. N jj R E LS
analysis of lipids by MS and MS/MS is the huge amount of data generated in the process. In addition, the Lipids, which include 2,5-dihydroxybenzoic acid (DHB), 2,4,6-trihydroxyacetophenone (THAP), 6-aza-2- In Figure 6 the MS/MS Annotation tab of the matched m/z values in blue and unmatched m/z values for TAG 30:0 are Margarine QeSO B N
structural analysis of lipids by mass spectrometry is not routine and often requires tedious, time consuming thiothymine (ATT) and CMBT.%1° For the Lipids analyzed here the DHB matrix gave the best performance at the shown. Additionally the Lipid Structure can be displayed as well (see Figure 6). SimLipid™ can either load MS or | I SEN{EERERIE S I
manual spectral interpretation. SimLipid™ software is a comprehensive informatics tool for characterizing lipids laser wavelength of A = 354 nm as used here. MS/MS data. As an examples the MS/MS Searph p_arameters, as required for data angly3|s of the MSMS of the
by MS and MS/MS data which streamlines this type of data analysis. Each of the 5 Triacylglycerols (TAGs) was subjected to MS/MS analysis as well using 1 keV collision energy with precursor m/z 577.449 (TAG 30:0), are shown in Figure 7. The search results can be filtered using the charge state Figure 10 MarkerView™ Software: Intensity profile of g1 11. MS/MS of m/z 907.742 from  Figure 12. Identification and
air as collision gas. Figure 2 shows the result of an MS/MS spectrum obtained for the TAG at m/z 577.5, which (in M.AI._DI typical only singly charged molecules are detected), polarity, mass accuracies in MS and MS/MS mode Lnlj;es’rozvgéﬁ :ﬁ:ﬂﬁ:l;\:zsogig;]aer:isigig? rrgspr)%izr;;ntﬂis o olive oil. Some fragment ions are annotation of the product ion
INTRODUCTION corresponds to the 30:0 fatty acid chain distribution with 3 fatty acids of the same lengths. and lipid category. in margarine and even higher signal response in olive indicated as well zﬁsgtg‘i‘lr‘;t";t/g%g;‘_‘;zg‘ﬁgi:r:g'd from
As shown in figure 3, the dominant fragments observed in the MALDI MSMS spectrum are the result of the loss of — oils. To identify the molecular species of m/z 907.742 the SimLipid™ Software. The structure of

Recently Phosphatidylcholines or Glycerophosphocholines (PC) have been detected by direct tissue analysis a fatty acid and the loss of the fatty acid as sodium salt. In Figure 4 another example is shown for the TAG 48:0, L e —— g STy Fig Wasﬁe'eﬁti‘i ahows the re foﬁ in “&Ss/mséexpenmem' 8 TAG 54:3 was identified.
using MALDI-TOF-MS.1234 PCs are easily ionized in positive ion mode using MALDI mass spectrometry. exhibiting the same fragmentation behavior. Note the fragment ion signals of lower intensity as well, which are . e = = 'gure 1L and 12 shows the resulting spectrum.
Typical fragments observed in MALDI-MS spectra are corresponding to the loss of trimethylamine, the separated by mass difierence of 14 Da, which indicate the loss of CH2 group, which are a result of the cleavages — Additional lipids could be identified within this workflow as well, which include e.g. m/z 689.75 from butter which
phosphocholine head group, and acyl groups and have been used for structural characterization of PCs.** A of C-C bonds \.N'th'r? .the fat.ty acid chains. Odd fragmept Masses indicate saturated fatty aC|dS.’ while the double were identified as Diradylglycerols and Diacylglycerophosphogycerols and from Margarine, ID of m/z 901.65, which
characteristic fragment, corresponding to the head group is readily detected at m/z 184 within MS? data bonds can be identified using the losses of 12 Da, indicating the cleavage of a C=C bond. This analysis can be b ST ——— lead to an unsaturated TAG as well (data not shown)
acquired of PCs.4 Additionally MALDI mass spectrometry has been applied to the direct analysis of Tissue useful to identify the structure of the Lipid on top of the Lipid Species. AR ~— == =
(Tissue Imaging) of Lipids in lens tissue and rat brain tissue.5: 6 — e = = S==== = CONCLUSIONS
However, these studies did not allow for the structural characterization of PCs in tissue. As shown by the group e = S / Figure 6. SimLipid™ Software
Of WOOdS, MALDI'TOF/TOFTM anaIyS|S Of LIpIdS |S eXtremer USGfU| f0r the StrUCturee|UCldatI0n Of Llp'ds Eg R14927 T R Sy L7045 E m— Z ] |nt.erface: Search reSUItS- for TAG Because Of ItS Iarge mass range, hlgh SenS|t|V|ty, and Soft desorptlon and Ionlzatlon Condltlons’ MALDI tlme Of'ﬂlght
when analyzing PCs, the dominant neutral loss of trimethylamine was observed besides other fragments.” In a | 3%()';2%'\22/?:\23 272”3;6;“22 itr?tél . Figure 7. SimLipid™ Search Parameters. The (MALDI-TOF) and MALDI TOF/TOF ™ mass spectrometry are particularly useful in the analysis of Lipids. MALDI
later study the same group published data corresponding to 32 Lipid species consisting of _ . ) owo  Resolutionvalues givenas | e 0o i ang o toed mix vales ’ Mjg '\é'qse tif:;grgvlii”?é"éve‘:fcﬁ:aﬁ t;‘farne]q‘l‘e"s? it MS/MS under high energy-CID conditions supplies highly detailed fragmentation information for the structure
phosphatidylethanolamines, _phosphatldylglycerol,mphosphatldylmOSItO_Is, phosphatidylserines, and sulfatides. As | . m'r?fuﬁ)“" width half | ﬁ]put o MALDI MS/MS spectrum Co,ﬁ’tainmg elucidation of lipids: Metastable or unimolecular decay spectra of sodiated ions from lipids are dominated by
Wlthlljl the|.r previous pubI!catlon MALDI TOF/TOF analy3|§ was applied to_ldentl_fy the struc:cgures of the : ) Figure 5. SimLipid™ Software Interface: sodium adducts is shown. Again the data from fragment ion signals of losses of the fatty acids and the head group, whereas the high-energy CID MS/MS data
species, highlighting again the usefulness of the fragmentation observed using this analyzer.® ‘. e Search results for TAG 30:0. The results are MS/MS of the precursor m/z 577.449 (TAG 30:0) additionally exhibits fragments which are the result of a cleavage of carbon-carbon bonds of the fatty acids. The
However, the major challenge in mass spectrometric data analysis of Lipid MS and MS/MS data is the huge . e g 2 [M+Na]* viewed in the Search Result tab. The MS/MS was used. information of the MS/MS data can be used to determine the lipid class or even the lipid species structure using a
amount of data generated in the process. Some of the most important aspects of mass spectrometric lipidome : rermie R N 2 Annotation tab is shown in Figure 6. novel software called SimLipid™, which utilizes a database of lipids for identification. SimLipid™ is a powerful
data analysis are the high throughput quantitative analysis of crude lipid extracts and structural identification of 13 EREENS R R P EIUN IS P N . o , N program for the analysis of Lipids. For every precursor m/z, all the possible lipid structures are ranked based on
lipids using precursor and.producjc ion dgta. Howevgr, the structural analy5|s of Llp!ds by. mass spectrometry IS ¢ o R 5 s [ RN RN To show fthe fgaturgs of SimLipid _Software, we apphed thg te_chnology on the analysis of lipids from.dlfferent origins | gimLipid’s proprietary search and scoring algorithm. Lipids randomly matching the precursor m/z are removed from
not routine and often requires tedious, time consuming manual spectral interpretation. SimLipid™ software is a Fiaure 1. Examole of MS data of a Triacvlal lioid such as like olive oil brands, margarine and butter. Figure 8 indicates different MS mode spectra obtained for these the list of candidates by filtering out those lipids that do not have any of its characteristic fragments match the
comprehensive informatics tool for characterizing lipids using MS and product ion data. s;gz;?;lrci aéc?l;?rgdeig pOSitivz f)r? maodgi?i/n% i/r?::)s ipi Eigﬁéirza Exri‘mif’:ngﬂimrﬂi%??ﬂga ;r:ialj:ii/(lagl?/ncegz:ﬁl\igiicion fats shovymg dlstlnpt dlfferen.ce.s in their Ilpld profile. A proper assessment of the dlﬁergnces betwegn trTl“(na different product ions observed on the MS/MS spectra. In combination with statistical analysis routines such as PCA that

SCIEX TOF/TOF ™ 5800. e s the A= s P lipid fractions requires a statistical analysis of the MS data. MS data was compared using MarkerView™ Software, allow for unbiased differentiation of lipid preparations, SimLipid™ Software provides a rapid means of identifying

AB SCIEX TOF/TOF™ 5800, The MSMS spectrum was which provides principal component analysis (PCA) among other statistical technigues. _ relevant lipid species at high confidence. This was demonstrated identifying unknown lipids from fats, e.g. m/z

MATERIALS AND METHODS acquired using 1KV lab frame collision energy. Figure 9 shows the PCA results for the comparison of lipid fractions from different origins. The loadings plot (to the 907.742. which was identified as TAG 54:3 within olive oil.

right) indicates the relevant m/z values. In this case the lipid with precursor m/z 907.742 was found to have elevated
lon intensities for margarine and olive oils. Figure 10 shows a plot of the intensity profile for this precursor. The

MALDI Sample Preparation: Lipid samples in different concentrations were prepared using DHB matrix (10 AT s rse G873 S AR ST 202 , PN , . I
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. . . . . . . M 100 - C16'O_N & ) 1 1M1 H 1 . M 41
solution premixed in glass vials. Lipid standards of known structure were obtained from Avanti Lipids, Alabaster, ? See thfe annot?t_lon reportta:\ddtge t“rf)ld stfrtucture |r;1_FE|t;]re; 120'| ;I'h%strtgctttjkrle (I)'f %TAG 54:3Is show, and additionally aH Mt Assisted Laser Desorotion/lonization Mass Soectrometry of Phosahofinids. J. Mass Soectrom,. 1965. 30. 13331346
.. . . . . . N w . arvey, Matrix-Assisted Laser Desorption/lonization Mass Spectrometry of Phospholipids. J. Mass Spectrom. , 30, - .
Alabama, U.S.A. LlpldS from commercial fats like olive Oll, butter and margarine were analyZEd as We”, after -C10:0 \ /V\N\L\ + Na . \§ Some fragment 1ons ahnotate y the sortware, whic eiped to iden Ify e lipi — [2] Marto, White, Seldomridge, Marshall, Structural Characterization of Phospholipids by Matrix-Assisted Laser Desorption/lonization Fourier Transform lon Cyclotron Resonance Mass
S ; ; ; itri “1- "y 2 2 M i : Spectrometry. Anal. Chem. 1995, 67,3979-3984.
llpld extraction US|ng DIChlormethane’ |SOprOpan0|, Acetonltrll (211’ V'V'V)' ) /\/\/\/\/“\ N 7] grganne [3] Al-Saad, Siems, Hill, Zabrouskov, Knowles, Structural Analysis of Phosphatidylcholines by Post-Source Decay Matrix-Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometry.
-C10:0-Na m 3 ) J. Am. Soc. Mass Spectrom. 2003, 14, 373-382. 8.
. . R b3 TORTOR™ Reflotr Sy 1 HE[EP - 1770 6005 " " - [4] Schiller, Sub, Arnhold, Fuchs, LeBig, Muller, Petkovic, Spalteholz, Zschornig, Arnold, Matrix- Assisted Laser Desorption and lonization Time-of-Flight (MALDI-TOF) Mass Spectrometry in Lipid
Mass Spectrometry: Samples were analyzed using the AB SCIEX TOF/TOF™ 5800 in MS reflector mode and T ! i. [M+Na]* and Phospholipid Research. Prog. Lipid Res. 2004, 43, 449-488.
H HH . : — ' : z ’ N 2 % [5] Rujoi, Estrada, Yappert, In Situ MALDI-TOF MS Regional Analysis of Neutral Phospholipids in Lens Tissue. Anal. Chem. 2004, 76, 1657-1663.
MS/MS mode. The mstrumerC\It ut|I|/zes 3 Nd:YLF Iasir Wltg A= 3”54 nm wavele/ngthdand a repetition (;ate of up to : \ 2 1467 . -256.2398 - : E [6] Jackson, Wang, Woods, Ugarov, Egan, Schultz, Direct Tissue Analysis of Phospholipids in Rat Brain Using MALDI-TOFMS and MALDI-lon Mobility-TOFMS. J. Am. Soc. Mass Spectrom.
1000 Hz. Positive ion MS and MS/MS data were collected for all spectra. MS/MS data was acquired using 1 i e [M+Na]* s |° % ' i B Lk 2005, 16, 133-138.
.. . .. . .. ; N 5 S g = = s " B i [7] Jackson, Wang, Woods, In Situ Structural Characterization of Phosphatidylcholines in Brain Tissue Using MALDI-MS/MSJ Am Soc Mass Spectrom 2005, 16, 2052—-2056.
keV collision energy and air as collision gas. For MS/MS mode the Operatlng pressure of the collision cell was i N g I g . 5. B % 1) ek sE s B e e EE o . o, E < e e S Butter s [8] Jackson, Wang, Woods, In Situ Structural Characterization of Glycerophospholipids and Sulfatides in Brain Tissue Using MALDI-MS/MS, J.Am Soc Mass Spectrom 2007, 18, 17—26).
setto 5 x 106 Torr. Up to 2000 laser shots were averaged for MSMS mode SpeCtra, 1000 laser shots in MS ) .= " :E % L:EEET J§ ﬂ; é ﬁé é % z i}%ﬁl ﬁk ,L'ij Fé g\fﬂﬁfl EL EEE §f .5 § ) g ) E < X i ) [3%?,09] Harvey, 2009. Analysis of carbohydrates and glycoconjugates by matrix-assisted laser desorption/ionization mass spectrometry: An update for 2003-2004. Mass Spectrom. Rev. 28: 273-
mOde. |. E “- |_: ~ 2 g ( L; g J._ g g i el A [L, o A s i ﬁ i% § }‘w %I E “T § “5 g ; E § § § § E g § § " [10] Zhou, Altman, Perry, Li, Study on matrix additives for sensitive analysis of lipid A using MALDI mass Spectrometry, Appl. Environ. Microbiol. doi:10.1128/AEM.03082-09.
i L. ) A | N .“—. J;-:‘— s ‘;‘_ N 1 ) ) ) ol © , L —.e Eall Bl LT |"s108 1 A a:‘zzm 8 4 Wl
KF?YbFealt_L_"'%SSOf SllengMbSoftware ’ T e i Figure 4. Example of MS/MS data obtained for a TAG 48:0 with o 5 AT et S 5B s | T 7
P : R . t Lipid Structure Database i . it i . g '
MS data was statistically analyzed using principal obuS three fatty acids of 16:0 composition. The dominant fragments Margarine . |
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*High Throughput Isotopic Peak Correction of Lipid MS data and D77.449, acquired in positive ion mode using the AB SCIEX . . . . For Research Use Only. Not for use in diagnostic procedures.
relative quantification using internal standards TOF/TOF™ 5800. The same spectrum as figure 2 is shown, but Figure 9. MarkerView™ Software: Comparison of different Samples : _ : _ _
-Mass Spectra Annotation with Identified Lipids and fragments indicating here the dominant loss of either the C10:0 fatty acid or Fiqure 8. MS profiles for linid fractions of different ofigin using principal component analysis (PCA). The PCA plot indicates The tradenlalrks mentloned herem_ are the property of AB Sciex Pte. Ltd. or their respective owners.
-Generate Reports the corresponding salt [C10:0+Na] as neutral losses. 9 - MS P P 9 the separation of the lipid fractions from different origin, in this case from AB SCIEX™ is being used under license.

acquired in reflector mode using the AB SCIEX TOF/TOF™

5800 different olive oil brands, margarine and butter. The loadings plot (to the

right) indicates the m/z values causing differentiation of the samples. © 2012 AB SCIEX
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