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Table 1. Sample information and preparation conditions.
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IRA Yo TN F A ACH =) I A = 1:1:2 (v/v)
7272L DIT ™ PEG1500:Nal:DIT = 1:1:4 (v/v)
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SpiralTOF

Fig. 2 JMS-3000 SpiralTOF. Fig. 3 JSM-7600F Thermal FE-SEM.
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Abstract. A new MALDI-TOF/TOF system with monoisotopic precursor
selection was applied to the analysis of triacylglycerols in an olive oil
sample. Monoisotopic precursor selection made it possible to obtain product-
ion mass spectra without interference from species that differed by a single
double bond. Complete structure determination of all triacylglycerols, includ-
ing structural isomers, was made possible by interpreting the charge-remote
fragmentation resulting from high-energy collision-induced dissociation (CID)
of the sodiated triacylglycerols.
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Introduction

Triacylglycerols (TAGs or triglycerides) are comprised of
three fatty acids esterified with glycerol. Because TAGs
are the major components in animal fats and vegetable oils,
the analysis of TAGs is biologically important and crucial
for quality control of food products.

Recent mass spectrometric approaches to the analysis of
TAGs have made use of atmospheric pressure chemical
ionization (APCI) [1-5] or electrospray ionization (ESI) [6—
10] and tandem mass spectrometry (MS/MS).

Using ESI and a triple quadrupole mass spectrometer, Hsu
and Turk [6] reported that collisional activation of lithium
adducts of TAGs can provide structural information about the
acyl groups. Low-energy collision-induced dissociation (CID)
of cationized TAGs does not provide information about the
position of the double bonds. However, the CID fragments of
unusual dilithiated species was shown to be dependent on
double bond location. Byrdwell and Neff[7] reported a method
based on dual parallel ESI and APCI combined with tandem
mass spectrometry for the analysis of TAGs and their oxidation
products. McAnoy et al. [8] used ESI with a linear ion trap to
characterize TAG components within a complex mixture of
neutral lipids from cell extracts.

Correspondence to: Robert Cody; e-mail: cody@jeol.com

High-energy CID is an especially attractive approach for
TAG analysis because charge-remote fragmentation [11-22]
provides a great deal of information about lipid structure.
The complete structural characterization of TAGs was
reported in 1998 by Cheng et al. using fast atom bombard-
ment (FAB) and tandem magnetic sector mass spectrometry
with high-energy CID fragmentation of the [M + Na]"
species [21]. All TAG structural features could be deter-
mined except stereochemistry.

However, large tandem magnetic sector mass spectrom-
eters have fallen out of favor in recent years and high-energy
CID appeared destined to become a “lost art” until the
introduction of tandem time-of-flight (TOF/TOF) mass
spectrometers by Cotter and Cornish in 1993 [22]. Recently,
Pittenauer and Allmaier showed that TOF/TOF mass
spectrometers have the potential to provide the same
complete structural information as a tandem magnetic sector
mass spectrometer [23]. The principal limitation of this
method was found to be the poor MS-I selectivity (a 4 to 6 u
window) of the TOF/TOF system, making it impractical to
select precursor ions for TAGs with compositions that differ by
two hydrogens. The authors concluded that a LC/MALDI-MS/
MS approach might be required to make use of charge-remote
fragmentations to characterize TAGs in complex mixtures.

We have developed a tandem time-of-flight mass spec-
trometer featuring high precursor ion selectivity that resolves
the problem of poor MS-I selectivity [24]. The mass

11
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spectrometer uses multi-turn and “perfect focusing” ion
optics [25] to fit a very long (17-m) flight path into a
compact space [26]. In TOF/TOF mode, an ion gate
positioned at the 15 m point in the spiral ion flight path is
used to isolate and guide the precursor ion into a gas-filled
collision chamber. The long flight path provides ample time
separation prior to precursor ion selection, resulting in unit
precursor selectivity. The precursor ions undergo 20 kV
collisions with a target gas and are subjected to a 9 kV post-
acceleration into an offset parabolic reflectron with wide
energy acceptance.

Monoisotopic precursor selection combined with high-
energy CID is the key to using TOF/TOF for structural
analysis of triacylglycerols in complex mixtures. This
paper describes the method for structural analysis with
this system and reports the complete structural analysis
of TAGs, including isomers, in a commercial olive oil
sample.

Experimental
Materials and Chemicals

A triacylglycerol standard (1-palmitoyl-2-oleoyl-3-linoleoyl-
rac-glycerol), matrix (2,5-dihydroxybenzoic acid or DHB),
and cationizing agent (sodium trifluoroacetate), were pur-
chased from Sigma-Aldrich (St. Louis, MO). A trioleoyl-
glycerol (triolein) standard was purchased from TCI.
Tetrahydrofuran (THF) was purchased from Wako (Osaka,
Japan) and olive oil was purchased from local stores. The
triacylglycerol standard, including triolein, and the olive oil
were dissolved in THF at respective concentrations of
100 pmol/uL and 10 ug/ulL. A solution of sodium trifluor-
oacetate and DHB was dissolved in THF at respective
concentrations of 1 ug/uL and 20 ug/uL, and added to the
samples at a volume ratio of 1:1:2. The resulting mixture
was loaded onto an MTP 96-hole hairline plate (JEOL Ltd.,
Akishima Japan) at a volume of 1 uL per spot.

MALDI Mass Spectrometry

A JMS-S3000 Spiral TOF (JEOL Ltd., Akishima, Japan)
equipped with the TOF/TOF option was used for all
measurements. The laser was a Nd-YLF laser operated at

0 LA4 LAG

7

LA8

685

a wavelength of 349 nm. The laser intensity and the
detector voltage were set to prevent triacylglycerol peaks
from saturating. The extraction delay was optimized to
400 ns to provide a resolving power (FWHM) of
approximately 50,000 for the TAG peaks in MS-I mode.
For product-ion mass spectrum acquisition, helium
collision gas was introduced to attenuate the precursor
ion abundance to approximately 50 % of the initial
value. The laser was operated at a repetition rate of
1000 Hz. Spectra were acquired at a rate of two spectra
per s and 500 spectra were accumulated for each
product-ion mass spectrum shown here.

Results and Discussion

Figure 1 shows the structure of 1-palmitoyl-2-oleoyl-3-
linoleoyl-rac-glycerol. The structure shows (18:1) oleic acid,
(16:0) palmitic acid, and (18:2) linoleic acid substituents at
position sn-2 (the site that determines the stereochemistry)
and positions sn-1 and sn-3, respectively. In this article, we
have labeled the fatty acid substituents at positions sn-/ and
sn-3 as “sn-1/sn-3.” The substituents at sn-/ and sn-3 are
indistinguishable by mass spectrometry because the steric
structure of triacylglycerol cannot be identified by mass
spectrometry. Each fragmentation path is assigned as shown
in Figure 1, and is labeled alphabetically. Each letter
represents the initial letter of the fatty acid, and the
accompanying number represents the bonding position in
each fatty acid. The labeling for TAGs such as “TAG(54:3)”
follows the convention where the numeral on the left in
parentheses represents the total number of acyl carbon
chains and the numeral on the right represents the total
number of unsaturated bonds at fatty acid moieties.

The major species observed for 1-palmitoyl-2-oleoyl-3-
linoleoyl-rac-glycerol was the sodiated molecule [M + Na]".
Figure 2 shows the product ion spectrum acquired by selecting
the monoisotopic ion of this species. The resulting fragment
ions are solely monoisotopic ions as well because a mono-
isotopic precursor ion was selected. Thus, each fragmentation
path is observed as a single peak on the product-ion mass
spectrum. Figure 2a shows the entire mass range of the
product-ion spectrum. The Na' peak detected at m/z 23.0
confirms that the precursor ion is indeed [M + Na]". Peaks
characteristic of fatty acid fragmentation are predicted as A-, B-,

LA10  LA12  LA14

LA16
A23 LA5 LA LA9 LAT1w _LA13 w_LA15 w_LA17

AS OA10 OA12 OA14

OA16

A PA10 PA12

PA14
PA13w _PA15
O

Figure 1.

Structure and charge-remote fragmentation of sodiated 1-palmitoyl-2-oleoyl-3-linoleoyl-rac-glycerol
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C-, E-, G-, and J-type ions using the nomenclature defined in
reference [21]. Figure 2a demonstrates that all of A-, B-, C-, E-,
G-, and J-type ions predicted in reference [21] were observed
for this example and “G+2” ions (mentioned in reference [21])
were observed. The structure of “G+2” ions and their
fragmentation pathway are not clear, but “G+2” ions were also
observed in the product ion spectrum of the of triolein standard
(shown in Figure 5b) at a relatively lower intensity than that of
the G-type ions. Figure 2b also shows that signals resulting from
charge-remote fragmentation were detected in the high mass
range above m/z 650. When the fragment ion at each bonding
position is defined as in Figure 1, the peaks can be assigned as
shown in Figure 2b. The intensities of fragment ions
corresponding to unsaturated bonding positions, such as LA9,
LA12, and OA9, are relatively weak or are not observed, resulting
in a peak pattern that reflects the structure of 3 fatty acids.

In the analysis of triacylglycerols in the olive oil sample,
particular attention was focused on the G- and J-type ions.
These ions have the structure where two molecules of fatty
acid are eliminated from the precursor ion [21]. These ions

help determine the numbers of carbon chains and unsaturat-
ed bonds in each fatty acid. In the G-type ion, fatty acids
remain at sn-1/sn-3, while the J-type ion, where a fatty acid
remains at sn-2, has one less CH, at the end. This makes it
possible to estimate the bonding positions of three fatty acids
because fatty acids having an odd acyl carbon number rarely
exist in the natural world.

Figure 3 shows the mass spectrum of the olive oil. Sodiated
triacylglycerols [M + Na]" were observed for this sample that
included TAG (52:3) (m/z 879.7), TAG (52:2) (m/z 881.7),
TAG (54:4) (m/z 905.8), and TAG (54:3) (m/z 907.8). The
monoisotopic ions of these four TAGs were selected as the
precursor ions, and their product-ion mass spectra were
acquired. Figure 4 shows the spectra of ions at m/z 905.8
acquired before and after the precursor ion selection. The figure
demonstrates that only the ions at m/z 905.8 were selected,
completely eliminating ions at other mass values.

Figure 5 shows comparison between the product-ion
mass spectra of TAG (54:3) [M + Na]" at m/z 907.8 from
olive oil and from triolein standard. Given that olive oil is
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Figure 3. Mass spectrum of olive oil sample showing sodiated TAGs
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Figure 4. Precursor-ion selection for ions at m/z 905.8 (a) before selection, (b) after selection

rich in oleic acid, the ion at m/z 907.8 is expected to contain
three oleic acids (18:1). Both of the product-ion mass spectra
show a J,-type ion at m/z 331.3, indicating that an oleic acid
is bonded at the sn-2 position, and a G-type ion at m/z 345.3,
indicating that an oleic acid is bonded at the sn-1/sn-3
positions. The spectra show only one peak that is considered

an A-, B-, and C-type ion, suggesting that TAG (54:3) is
trioleoylglycerol, which contains three oleic acid molecules.
The signals in high mass region resulting from charge-
remote fragmentation were identical between the sample and
standard, and the spectral patterns were consistent with
structure of oleic acid.
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Figure 5. Comparison of product-ion mass spectra for the precursor at m/z 907.8 with that of sodiated triolein standard, (a) the

ions at m/z 907.8 from olive oil, (b) triolein standard
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Figure 6. Product-ion mass spectrum for the precursor at m/z 905.8

Next, the ion at m/z 905.8 was selected as the precursor
ion. The m/z value of this ion suggests that it is a
monoisotopic [M + Na] " ion of TAG (54:4). Figure 6 shows
the product-ion mass spectrum. It is expected that this
triacylglycerol is also composed of two (18:1) oleic acids
and one (18:2) linoleic acid, given that the major component
of olive oil is oleic acid. The product-ion mass spectrum
shows fragment ions assigned as G-type ions, at m/z 343.4
and m/z 345.3. If the ion at m/z 343.4 is a G-type ion, the
fatty acid molecule at sn-1/sn-3 is linoleic acid, and if the ion
at m/z 345.4 is a G-type ion, the fatty acid molecules at sn-1/
sn-3 are oleic acid. The ion at m/z 347.3 is assigned as a
“G+2” ion because in the product-ion mass spectrum “G+2”
ions were observed at lower intensity than G-type ions as
discussed above, and the intensity of the ion at m/z 347.3 is
relatively lower than that of the ion at m/z 345.3. This is
consistent with the assignment of G+2 ions by Cheng et al.
in reference [21]. Since the G-type ion suggests that both
oleic acid and linoleic acid are bonded, the remaining
fatty acid is (18:1) oleic acid. Next, the product-ion
spectrum shows J-type ions: a J-type ion containing oleic
acid (J,p) and a J-type ion containing linoleic acid (J»1)
at m/z 331.3 and m/z 329.3, respectively. In the high-
mass region, the signals resulting from charge-remote
fragmentation were consistent with the structures of oleic
acid and linoleic acid. This demonstrates that m/z 905.8
is triacylglycerol that contains two molecules of oleic
acid and one molecule of linoleic acid and is a mixture
of the structural isomers 1,3-dioleoyl-2-linoleoyl-glycerol
and 1,2-dioleoyl-3-linoleoyl-glycerol. Table 1 summarizes
the structures of triacylglycerols determined for the olive
oil samples from the product-ion mass spectra. The ions
associated with the peak at m/z 879.7 are a mixture of
the structural isomers 1-palmitoyl-2-oleoyl-3-linoleoyl-
glycerol and 1-palmitoyl-2-linoleoyl-3-oleoyl-glycerol.

Table 1. Summary of TAGs Found in the Olive Oil Sample

mlz Acyl carbon number and Composition of each fatty acid

number of double bond

879.7 52:3 (16:0,18:1,18:2)  (16:0,18:2,18:1)
881.7 52:2 (16:0,18:1,18:1)
905.8 54:4 (18:1,18:1,18:2)  (18:1,18:2,18:1)
907.8 54:3 (18:1,18:1,18:1)

Conclusion

Monoisotopic precursor selection was demonstrated for TOF/
TOF analysis of a standard TAG and TAGs in an olive oil
sample. This selectivity made it possible to use charge-remote
fragmentation to determine the complete structure (except
stereochemistry) for all of the TAGs, including structural
isomers, present in the sample. Multiple structural isomers in
the precursor ion were identified through the observation of G-
and J-type ions. These results demonstrate that the MALDI-
TOF-TOF system with high precursor ion selectivity can fully
analyze the structure of triacylglycerols without prior chro-
matographic separation, and that the method is effective for the
analysis of complex fat composites in food.
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JMS-S3000 Application Data

JMS-S3000“SpiralTOF” TOF-TOF 73> % AL V-
NIRRT 7)Y DEHTHI

FIRTFTZUDIE, NITILTEA—ILD 3 DOEHEN, ETRTTUVEELG-BEZETS
(Fig.1). SECOYEEELFRKEL, IMS-S3000 SpiralTOF @ TOF-TOF A7 avZERL, FAas kA
FUARGMILEBIES S EIZ&LY, High Energy CID (HE-CID)D & At 2L 1-.

A% ) — UIZERESE =54 Nal /0% T, Spiral E—RTAIELI=EZA(Fig.2), m/z 913.8231 DALEIC
E—oMEAIShI=(9MEELTPEG 1000 2EALT:). ChlE, MIURTTZUL D NafthiiEDE/TAVREY
JAAUEHTESND (FEME913.8194). RIZTOF-TOF E—KIZHIYEZ, COE—H DTOF IR F R
RYMVERAELI(Fig.3). F)tE)UIZfLIz Na BB ICFr—U B Sh S8, Fr—IUE—RTS
JAT—aV(CRF)BERERHONDHRAMNGE—IDEBISN TS, m/z 650-920 {HiEZEIEXT H&
(Fig4),RTT7 I BD#EEEZ RELI-RAMEZERROE —IDEAISN TEY(Fig.5), COMEETIE 3 D
DRATTIVEEDRA, 1 DTRENEIS1=TST AV MM AUNEBIh TS,

L ED&ESIZ, TOF-TOF #7330 ALVAZET, HE-CID TLIELIER DN EFr—SUE—R ST AVT
—avHEDE—IHREICHAISN, BEBNERSRICTITOITENAREELS.

Hz = O A~

Fig.1 Structure of tristearin.

9138231

914.8259

Intensity

T T T T T T T T T T T T T T T
apz2 an4 an6 ang 10 12 a14 a1g a13 020 022 024 az6 aze 0z0
mer

Flg.2 Mass spectrum of tristearin.

Copyright © 2010 JEOL Ltd.
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Fig.3 Product ion spectrum of sodium adducted tristearin.
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Fig.4 Product ion spectrum of sodium adducted tristearin(enlarged between m/z 650 and m/z 920).
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Fig.5 Peak assignment of obtained product ion spectrum.
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &A=

)AL A2 DRI

fIALAUIE, B)T7ONT)EA—ILD 3 DDREIEED, £ THLAVBREGST-1EBEEE T 5 (Fig.1).
5E, COYWE%E IMS-S3000 SpiralTOF @ TOF-TOF A 7L avEAWNT, A8 AV ARSNLERIE
L=, BIEDRE, REMDICFENFEEE 1 DB DAL AVEBOBEERBLEFY—UE—NIST A
T—3> (CRF) HXRE—IMWEBITESILEmRLL-.

AR/ —LITEBEE - BHINaIZ A T, SpiralE—F TRIELI=EZA(Fig.2), m/iz 907.7782 DLE(Z
E—oAE RSN -(SMEELTPEG 1000 ZERALT). Chid, MIALA2ONaftIEDE/ TAVRE DY
AT LEESND (51E1E:907.7725). RIZCTOF-TOFE—RIZHYIVEZ, COE—H/DOTOF IR F AR
IR ILEBIELT=(Fig.3). UM MLIZNaEEICFr—UNEIESN D28, CRFERERHONDIR
A E—I D BAISh TS, miz 600-920 HEFHLKT 5&(Fig.4), m/iz 891 hhdm/z 807 FTIXLLRTER
ELENMRTFTUVERKIZMNMS BHROE—IABRAIINTEY, BESTRENEALTLSIEN LIS
. m/z 807 Hom/z 753 DEIDE—VIE LR HEEEMHBA>TEY, CIITFBAMBEEILFET S
Nhhbd. £z, miz 807 hic+1 DELEIZHT=Hm/z 808 DE—IHLEBAIINTEY, Tz DOWLWTHAEEM
RENFEETIEZITHEDE—LEN TSP, miz 753 hribm/iz 697 ETIE 14 RO E— NBUER
INTHY, BESTHAELTWAIELR M. BRE—VETHAUTHEFIg. 5 DEKIITHY, NIRTFTYY
ERBRIZCOEEETIE, 3 DDA LAVEOWNT AN 1 DTHREDEARISE IS5 AV MM AU HERBIE
nTh.

UED&SIZ, TOF-TOF A FLavE AN S IRIILE—CID BIEEITS5IET, CRFEEDE—IHBHRE
[CERISH, REBEPOFAMBAMBEEZRZICRAETDIENTREELS.

Fig.1 Structure of triorein.

Profile Spectrum Maximum Peak: m/z 907.7782, Height = 864, Area = 6741, R = 34652
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Flg.2 Mass spectrum of triorein.

Copyright © 2010 JEOL Ltd.
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Fig.3 Product ion spectrum of sodium adducted triorein.
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Fig.5 Peak assignment of obtained product ion spectrum.

[11MS Tips No.178
[2] N. Akimoto, Journal of the Mass Spectrometry Society of Japan 46 (1998) 228
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

TG Ea— LD fEHTH

MITWNT)Ea—LIET R BHEIC 3 DOEMENEELI-BEEZETH. CNETIC3 DOEMR
BALTRLTHANIZTTY MYAL APz D00 T, JIMS-S3000 SpiralTOF @ TOF-TOF #7</3
DERAWACETREBITATIRETHAZLITFEREL TS, ZCTESEITIYEBENERS, fUTIILTY
TO—)LDEHEBOEENALTELSHF (1-Palmitoyl-2-oleoyl-3-linoleoyl-rac-glycerol) @704 I ~A
FURRIMVERIE L. SOR TS YEO—ILIZIE, /LS FUBE-ALAVBE-)/—ILEEELNS 3 D
DIEREENFEEL TS,

THF ARS8 Nal £/1% T, Spiral E—FTHRIELzESH, HEDM+Na"BE RIS T=1=8,
TOF-TOF E—RIZHIYEZ, COAFVDE/TAVINEVIAAVETIh—H—(F U ELTREIRL, F048Y
AV RRGRLEBIELI=(Fig.2). &, ARIMLHD A B, CHEDRIE, XHRIZSEIZLTIVS.
TOZOMA VARG EGRERDE, HEEALTWAEBOIEEEZERT AP B, CEO/AUNEHAISH
TWAP I THI2DAA4> (Fig.3) (F, 26E 1 R FE- X3 DB DIEHEEER A TEE(42THY, £
BISRIELIEARIMLIZEVWTEA LAV EEA 2 R ELTLSIHEICHEET S miz 331.2 DE—IHE
BlEh TS, E£=, 3 DDBRIHBADKEELNRELIZIST AV AUIZDONWTIZ/SIVLEFUBEA LAV
EVLSEILIEBIEESLTLRYVIEETHS PC (16:0, 18:1)DFEENY RUY/—ILBIZOWNTBEDOR
BREENTHOBRECOMSEZHE Fig1 DESITHEEEZLBNS. Fig.2 M m/z 640-900 KT HE(
Fig.4), EMNCENTNDIZT AU AUHERBISN TS, $IZ m/z 780 DIEFEIZDLNTIE, m/z 779+
780-781 M 1 u ZNADE—IDEASINTEY, TVA—Y—AF D ELTE/TAVMEVIAFUEERT D
ZEIZKYINEDT AT YA BRREICERAIT A LA T REE LS.

HUEDEKSIZ, TOF-TOF A FLavERWTE/TAVREYI(A L DHERIRL, EITHILF—CID BIE
{T52ET, 3 DDA TOEEE RMLT- CRF BEDE—IMNBREIZE RIS, N7 LS +0
—ILDREEAER DS IBE MBI EIT O EMN AT REL 5.

Copyright © 2012 JEOL Ltd.
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Fig.1 Structure of 1-Palmitoyl-2-oleoyl-3-linoleoyl-rac-glycerol and peak assignment of obtained product ion spectra.
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Fig.2 Product ion spectrum of sodium adducted triacylgrycerol.
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Fig.4 Product ion spectrum of sodium adducted triacylgrycerol (enlarged between m/z 600 and m/z 920).
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[1] MS Tips No.178 "SpiralTOF" TOF-TOF 7L a>Z ALzt RT 72 DRI

[2] MS Tips No.182 "SpiralTOF" TOF-TOF 7L avZAL=kUZ LA DT

[3] E. Pittenauer and G. Allmaier, Journal of The American Society for Mass Spectrometry 20 (2009) 1037
[4] MS Tips No.186 “SpiralTOF” TOF-TOF A7 ar&#RAULNzI4+ R T7F2)LaY > O EH 5

[5] M. L. Gross, International Journal of Mass Spectrometry and lon Processes, 118/119 (1992) 137

Copyright © 2012 JEOL Ltd.
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JMS-S3000 Application Data
JMS-S3000 “SpiralTOF” TOF-TOF A7 avZ ALV

BAERIA L A2 D T 5
BRBELTRVLLNGA)—TH. 34 84 OWWCHB
EnEyEmE. RIEFFZERPIZESENETLE . o
THILSNAIERMONTOS, B BOE WO T T e
A RHOPTHRBREIBEAT IR Lo~
M7 LT E0—ILTHAHDT, BibIZTE o
MEEAEE D —EREHUTELDEFREND., Fiqure.1. Structure of triolein

T TIZ. SDDREMHBEELN T RTALAVETHASN )AL 1> (Figure.1) DEEHTHIE MSTips No.182
TRLTWS, SEIFSDRIFLAUEHBEL. BEESh-LED#EEE IMS-S3000 SpiralTOF # LY
F7RFOMAVBIEICKYHER L, B8, ERFETREBILIE 5O NIALAVEZNITILICAN,
160°CT 60 ZFEMEL ., ChzEikelr-,

Spiral E—FTOBIEDFER. Figure.2 (TR

120

ot

F SIS M7 728 DAAL ORI, ol S
m/z923.7679. m/z939.7635, m/z955.7594 () " G | CaiosOgNa (+1.19ppm)

AFU RSN (PEGI000 ZA EDBELL I i (+2210pm)
THA) . ChbDAA VIS L THBEEEED 939.7635 /

#%R. 3ppm LINDEERET m/z907.7724 1 335?"'75% miz

850 900 950 1000 1050

FRECLAER)AL A2 D [M+Na]"
m/z923.7679 [&[M+O+Na]*. m/z939.7635 [&
[M+20+Na]", m/z955.7594 [X[M+30+Na]’&H#t
EIht=,

RIZ TOF-TOF E—FRIZ&YEoNT=-[M+Na] &[M+O+Na] D TAZ IR A ARG ILEHEIZHELT =
(Figure.3) . WFNDIZELY ) UIZMMLE: Na BEEICERASEE SN Fr—JUE—RTSY
AUT—L3 0 (CRRE)ASHECY ., A, B, J2. G /A V[1ABRHEEIN TS, [M+O+Na] D TRF I RAF U ARY
MLEIZESND A, B, J2,GAA I, [M+Na]' DTOAFT IR AU ARGV EICRONDFNEFNDAA Y
[CHAR,16u YTRLTWWRENRH ST, E5I2, m/z680~920 DFBEDTOX A7~ (Figure.4) %f#
e BILIZEY. WTRDDALAVED ZERENBRIESN TSI LIEHRTE . 16 U Tz 2 &
G AIALLBREINTNSLH. TRTOALAVEBEEO _E-ENBRIEINIDEVSERTH 1=
(Figure.5),

L EDESIZ, BYELI=FEAFIN) 7L ILT ) O— )LD ST TOF/ITOF #7330 ZRANAIET. BIF
LA —EEMEH (HE-CID) TLIXLIER OGNS F¥—CUE—R IS A T—2aV HEDE— D BRREIZER

Figure.2. Mass spectrum of triolein after
heating at 160C, 60min.
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Figure.4. Product ion spectrum at m/z 923 (enlarged between m/z 680 and m/z 920).
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Figure.5. Assignment of product ions at m/z 923

[1] Cheng, C., Gross, M. L.; Pittenauer, E. Complete structural elucidation of triacylgylcerols by
tandem sector mass spectrometry. Anal. Chem. 1998, 70, 4417-4426
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

THRI7FTILAI L DEHTHI

TARIZ7Fo)La)r (PC) (&, VVEEED—ETHYIEHEEEZ 2 DFD. RimDRIAFILTIVEEIC
ROTATDFr—UHREEEINS=HIZ, BEIRILFT—CID THHEMIZEAT5ENTELFY—2)E—
rI55 AvT—3aY (CRF) IZRYREIEEE S DBIR%E 14 u (CHy) BIROE—sELTHAITESY. 5@
[%, JMS-S3000 DETVh—H—AFBIREEEFHL, T BRICELIBEEH DEHEBRIAES
1= 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (PC (16:0, 18:1) (Fig.1) %M 3 %, 2 DDIEEEZ
NEThOBEHEZITO-.

¥ EAR/—)ILIZ 100 pmol/uL DEE THEMEH, Spiral E—FTRIEZ1To1=£25, [M+H]" (R/74AY
rEwD4F 2 D miz 760.5901) BU[M+Na]" (E/FAVRE WO D miz 782.5712) E#EEENBE—
HHREBENT= (Fig. 2) . KRIZ, TOF-TOF E—RIZHIYEZ, M+H]' DE/TAYRE VI AL E T h—H—
AV ELTERLT, TRF IR FA U RRIMLERIELT=(Fig.3). BEEHEICIE, 7+4RT+a)05 )+
UL DHEEERMBLIE— M BRISN TN, m/z 450-770 {HiE%EE KT B & (Fig.4), Fig.l TRE—9%7
HAULTWDESIZ miz 744 A5 miz 576 ETIEMNRT 7Y NERKIZ 14 BROE—IMEAISh TEY
, 1 LDEHETHA(16:0)DIBEERBLI-=E—IRBLNTINS. E£f=, m/iz 660 N5, +1 DEIE (M/z
661) BRU-54 DHELE (M/z 606) ICE—IDERIShTEY, £IH5 m/z 550 £T 14 BlROE—IH &
SNTWS. Thid, MFLA PLRED -2 THY, 2 HDIEHEBTHSD (18:1) DIEEERMLIE
—IONBENTWNS. 48, TVA—H—AAELTE/TAVRNEYIAAUERIRLTIWNSE=8H, 755 A0k
AF B RBERAF T -T '/ TAVREYILF U DHEROTINS.

UE®D &SI, TOF-TOF A 7L avE ALV =EBIRILE—CID BIEET5ET, CRF EDE — A BAHE
[CERAISN, IBRAERDY 2 DEEALCL\SEMLUVEEICEVLTE, RFBETOFBNGEEMNEZRIET D
CEMNTRELS.

537 564 592 660674 702 730
5504 578 606 661 9 688 716 ¥ 744

0 <
0
i O /‘\/:QI/\\/
o) Po 0
\—\N O(B| ™S N~
g 104
86 0

< <
576 ¢ 604,] 632,] 660 | 688 ] 716 | 744
563 590 618 646 674 702 730

Fig.1 Chemical structure of phosphatidylcholine and peak assignment of obtained product ion spectra.

Copyright © 2012 JEOL Ltd.
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Fig.2 Mass spectrum of PC(16:0,18:1).
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Fig.3 Product ion spectrum of PC(16:0,18:1) ([M+H]").
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Fig.4 Product ion spectrum of PC(16:0,18:1) (enlarged between m/z 600 and m/z 920).

[1] MS Tips No.178 "SpiralTOF" TOF-TOF 7 avZ& Rz X771 > D fE 4l
[2] MS Tips No.182 "SpiralTOF" TOF-TOF A7 av& RNz A L A2 D fEH I

Copyright © 2012 JEOL Ltd.
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MS Tips

JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

REF D IEE OEEEHTH

DURBBRMBEOERSD 1 DTHY, SEICEFEFN TS, FEIE, WEFMISYVEEZHEHL.
JMS-S3000 SpiralTOF @ TOF-TOF A7 3> CHEEMBTER ATz, RAMITMEERE LIV N\IBEFDK
BRAEDBET 5012700 FRILLEAZ/—)L, KOBEBRITEN L. BLDEE, /0OKRILLEA
B/—ILDEOHERMYHL, A*2/—ILTHERE, YM)vIRE11 TREL, TL—MIFTL.

Fig.1 |Z Spiral E—F THIEL THBS N 1= Positive E—K & Negative E—F DY RARIMLETRYT. YRR
RIMLD miz EMSHIETT 5&, Positive E—RTIE Phosphatidylcholine (PC), Negative E—RTI&
Phophatidylinositol (PI) MNEICERBISNhTWSEEZEZOND. RIZENEHERT H1=0HIZ, TOF-TOF E—F
TOTOZHMMA VARGV DBAIEE{ToT=. 138, MS Tips No.186 [1]TI, PC (34:1) M#MEETS
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (PC(16:0, 18:1) ) MIZ#EH KD [M+H]" O TOF I+
AURRGRMLEBELTNG. Z0=8, RBOTRARRIMLTHERINERCEKD PC(34:1) O
IM+H]" 27U h—H—AF 2V ELTRBIRLTAZ IR AU ARGRILDBIEZEITLY, ARIMLDO LT HTE
(2 UREEDEMIEERET L= (Fig.2) . Negative E—F TIZHEDMAL Pl (38:4) M-H[E T h—H—AF
VELTEIRL, ThENTOX IR AU ARGMVERIELT: (Fig. 3) . Fig.2 D ARSI LISA—2 % HER
5L, ZLOBELDEVEHILONDEERZOBERZRLALERATOATEY, COE—VI,
PC(16:0,18:1) BIETHZENDMD. RIZFig. 3DARIMLINB—EHRT B, Figd DESIZKE—
HETFH AT HENTE, PI(18:0,20:14)THIEEZDND.

UED &SI, TOF-TOF A T2 av AN -EIRIILX—CID BIEZIT32ET, CRFEROE—IHBHRE
[CERAISH, YURRBE OBERITETOICENaREE G S.

x1068 PC(34:1)
[M+H]*

PC(34z2) 760583

1.20 4 [M+H]

5g58

. PC(36:1
PC(34:1) [M(+H],)
[M+Na]*
4 782.567
080 PC(36:1)
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810599
}l 834600
l | | |

T T T T T T T
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4.00
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Fig.1 Mass spectra of phospholipids from egg yolk (top:positive ion mode, bottom negative ion mode).
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Fig.2 Product ion spectrum of PC(34:1) [M+H]"
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Fig.3 Product ion spectrum of P1(38:4) [M-H]
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Fig.4 Peak assignment of product ion spectrum of PI(38:4) [M-H]
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[1] MS Tips No.186 "SpiralTOF" TOF-TOF #7* 3> AWLNzI4+R77F 2 )Lal) > O E#Hi
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

RIsHD =) B E D fE I

TARIZ7Fo)La)r (PC) (&, VVEEED—ETHYIEHEEEZ 2 DFD. RimDRIAFILTIVEEIC
ROTATDF—ONEEINS=HIZ, EIRILF—CID TLELERONSFY—UE—RIZT AT
— S avHROERROE—IVLNBRBIND[1]. §EIE, PC OIEIHEEEBICAFILEN 4 DEEELE:
1,2-diphytanoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (4ME 16:0 PC) % JMS-S3000 SpiralTOF @
TOF-TOF #72avZRWTAIEL, BHBEOAFILEDMEZRBLIZTOFT VMM AU ARGMLAE
b HERLT.

¥ EAR/—)ILIZ 100 pmol/uL DR E TAfESH, Spiral E—R TAIEZTo1=&Z5(Fig.2), [M+H]" (£/
TAIREYIA4F 2D miz 856.709) BU[M+Na]" (E/FAVRE Y (44D miz 868.688) LHEESND
E—oMEBISntz. RIZ, TOF-TOF E—RIZYWEZ, [M+H] OE/TAVREVIALF 2 ET)H—Y—A
AUELTERLT, TAF VAV RARINLERIELT=(Fig.3). EEEEICIE, 7+RXT74+2Y D05+
L DEEERBLI-E—IMEBBIEN TS, m/z 500-850 {13825 KJ B &(Fig.4), Fig.1 TRE—9%T7YH
AL TWBLIICRFLNBEFEETHELTVWIEHOEEEZRMLI: 14 BROE—IDHIZ, AFLEHN
EELTWAEH2 L 28 DREBEBMNERAISNATEY, TOF AV RARINLODHEITITAFIILENES
WBIEL 5.

LEDEKSIZ, TOF-TOF AT avERANzEIRIILEX—CID BIEE1T52LT, CRFHEEDE—VHEHHE
[CEBISh, RERETOABELBERIET S ENTTRELLS.

O

™~
—N
)
86 104 184 O 593

606 620634 648 662 690 704 718732 760774 788 802 830

Fig.1 Structure of 4ME 16:0 PC and peak assignment of obtained product ion spectra.

Copyright © 2012 JEOL Ltd.
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1 846.709
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Flg.2 Mass spectrum of 4ME 16:0 PC.
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184.1
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104 58.1 2242
J 86.1 166.1 l 6205
43.1 1251 :
NS Y I A | : - A
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50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
m/z
. . +
Fig.3 Product ion spectrum of 4ME 16:0 PC [M+H]".
x10°
32 6205
2.8
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0.8
690.6
0.4 l
00 ey Jw r

oo o oyt vt S annd Wenveryiad Woangson mensrea ot d Wby
600 620 640 660 680 700 720 740 760 780 800 820 840
m/z

T T T T
520 540 560 580

Fig.4 Product ion spectrum of 4ME 16:0 PC [M+H]" (enlarged between m/z 500 and m/z 850).

[1]1 MS Tips No.178 "SpiralTOF" TOF-TOF 7> avZ& Rz X771 > D fE 4l
[2] MS Tips No.182 "SpiralTOF" TOF-TOF A7 av#& RNz A L A2 D fEH I
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

WEREE DRI A

WEREE L, MLBENEELBELRHL, HNOHRMRIZZ<(EFATLS. SEIL, HEIEED 1 ET
Fig.1 M#&:&E% D Ganglioside GM1 (Ovine Brain) Z&#}&L T JMS-S3000 SpiralTOF 0 TOF-TOF #
TLavERVTHIEL, BHELGBEEZE OREICBVLTH, BEERMLETOAF I FURARINLHE
BITEHILEMERL-.

HEEAZ/— L THIRL, Negative E—RF TRIEZEIT o1z, A, Fig.2 [TRLIZESIEIRAARIMILNNEL
Ntz m/iz 1544.90 [T T FILHEBISN, CDAF 2L GM1 DIM-HTDAFzEEZBNSD. 1572.90
[CEAAUDEBIIN TS, CHIXEILC GM1 TESIFE D DIEHEO 7 IILRFEN 2 DZLVWMED
U FIEEEZOND. RIZTTOF-TOF E—FICHIYEZ, 20 m/z 1544.90 DAA U&= T Yh—H—A4F>
ELTERLTOZOMMA VARG MVEBIELIAERE Fig3 [IRT. BED 49320 T LEENHE
TORAERRNERBICENEFNOENABRELI=-S S FILEFTHLS, HERETHEZL (Cross Ring
Cleavage) 7 FILBEBIINTIND. Fig 1 DESIZRE—VETH AT HIENTE, BHNIZCGM1 DIEE
ERBLUEZARINLDBONTNSEERD. T, BEEE (Fig4d) 2HiET 5L, EIIFEHLOEEIC
DLV, Figs DKIICE—IETH AT BHIENTE, COBRDEEERBMLIZE—IDERIShTINS
LEZLND.

L EDEKSIZ, TOF-TOF A7 avERLNE=EIRIILF—CID BIEZTI2ET, HEEENEEL-EE
EEORIEEICAEVTE, BEBMEITI LN mTEELLS.

1410.8

r==p
1-3H 1382.8
CZOH 1 lr-_ZT'r Czo H

1179.7 11618
- =

1
1
1
1
N,

O-i—Ceramide

2Hi
*-]

995.3

Fig.1 Structure of GM1 and peak assignment of obtained product ion spectra.

Copyright © 2012 JEOL Ltd.
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Flg.2 Mass spectrum of GM1.
«104 6.00 S
5.00
4.00 8
300 §% 3
2.00 ° |
100 = ‘é_ = §§§§ g2 é §§§§$§§)
000 4 1 ] l AJ“T“ w Ld I A JH l .|||“ILT L ‘l“l“A” hiIl“u
: 1 60 260 360 460 560 660 760 360 960 1 (;00 1 1‘00 1 2‘00 1 360 1400 1 5‘00 m/z
Fig.3 Product ion spectrum of [M4-H]".
8000 g
2
6000 &
g g o BE_ o g
-~ -~ ) Q © g -
4000 N S ‘EFI §
2000
1120 1440 1480 1520 m/z
Fig.4 Product ion spectrum of [M4-H] (enlarged between m/z 1120 and m/z 1540).
§9‘4 on 1388 1416 1414_14: 1‘47? 1500 1528
ida- \ 374 1 J402 1 1430 458 1 1486 1 1514
Ceramide: \ 874 13402 1 3a3 ¥ i}_ i 1
]

\
\HN L N N N N N
N i 1 171 171 ] 1 171 171 170
N 1 1 1 1 1 1 1 1 1 1 1 1

\ <«=! lg=l | €=l lg=l Il gul | =l | =l gl 1
<«---= () 1318 | 1346 | 1374 | 1402 | 1430 | 1458 | 1486 | 1514 |
1262 <= <-! <-) <-) <-! Py | =) Py |

1332 1360 1388 1416 1444 1472 1500 1528

Fig.5 Structure of Ceramide moiety of GM1 and peak assignment of obtained product ion spectra.

[1] Bruno Domon and Catherine E. Costello, Biochemistry 27 (1988) 1534.
(BFF] RO, KRREXZREZMRABYEZER BEMMMIIL—TEOREHAERDOHRTT.
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JMS-S3000 Application Data

JMS-S3000“Spiral TOF” DBt

~Bovine Serum Albumin Q4 4r~

[IZL&HIZ]

JMS-S3000“Spiral TOF” (&, ¥4t B D SpiralTOF A4 kFEZREEH L~ MALDI-TOFMS TH5
(Fig.1), Bt D S = EMT ' 128V Bon=ZRRNIZ1I7T m DS BARDAAVEEEZERL, 5
HAEE. AREBEOTIC 9 MOIYF TL—rEMARAAL. BEROA4 LE 4 #IZKYRERSN
TW3, (A VRTIESNIzAA UL 4HOBBRIOAFIILEBISEORBEBEIE/EBL., RHEFETRE
T 5(Fig.2). CORVWRITIEREICEY  BHTRWVWNHEELEEREZ AVESEHFECRNBICERYT S
ZalgE&LT=,

LAL. SpiralTOF AZRICHEWLTH, RITHFICEHEMICARLTLES. BOHTEROREWVNIFTY (Bl H
DFEDIVINVE, SEICVUBIESNERTIFR BEDQTORATMSF) BRE TERLY, EWVS HIZE
LTI, kNN TLIMAVE TOFMS LRIk TH S, MALDI JEDLWGREBEEZEZ-LE. 2D KD
BEMDEWNAAVEHERICBREHTIFENBLETHD, D16, IMS-S3000 [ZIEXM)=7 TOFIA T3
UHARBEIN TS,

%A, Spiral E—FZ#AWL=2HD—HIEL T, Bovine Serum Albumin(BSA)D )T L 2 BE¥MID 547
% Linear E—FZRAWV=2HD—HIELT. BSAUAIR) DR HERBNT 5.

|
| Spiral mode detector ' Linear mode detector

JEOL

_—
ooooo

seualtor

Fig.1 JMS-S3000“Spiral TOF” Fig.2 lon trajectory of SpiralTOF
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[HIEE#ER)

BSA )T UiEEYIE Spiral E—FT
BIE LTz, BITE (X, SpiralTOF Ol - 8%
7045514 Téh5H msTornade Control M B
BB EMAEEERL, XXXy I L—23Yy
(X, S ERIZHERERA L, Bon-fER%E
MASCOT PMF iEICTHREZEITLL.BSA M
1 M TEVFLTRIESNSELHERL-, 18
RIZHAWZBSAR) TV HEMCHIERTD
B2 18)E 25 fmol HE)DTRAARIMLE
~Y (Fig-3)o ZDMEIZIYFLIZRTFE
NEEREIE.3 ppm(RMS)ThHo1=
(Fig.4),

Linear E—FRZ ALV TBSAZAIE L -§
B#% Fig.5 IZR9, BSA O—REEHI ST
BENdmizD 11 E2 fliq1A DY
THLhBondEamEL-,

[FLh]

SpiralE—krIC&HRETIEK. BLVEEHK
EDOT—30"oNd, RTIFRESHO R
EIZKYBU I\ EEPMFEATRIES 5154
[ZIZ. Peptide tolerance (FF RIZZEERTE) D
8% =10 ppm&ERSERE L= ETE, Z#oN
VEDRIEIITAD, ClL. EEFFEH D
T EEEOSVRERENGONDGSE

B®T 5,

Ff-. LinearE—FZALVNIER FED
REGAVINVBEREDRFELZBHITR
T HENAARETH D,

a0 10

4
x10 927.4946
1479.7990
2 20
[7)]
§ 1881.9111
= 2116.8416
0.0 " Ilhl‘il ey I;lninnl —
500 1000 1500 2000 2500
mz
Fig.3 Mass Spectrum of tBSA (25 fmol)
B 5 Jorromromememmpmmmmmmeeeos
[
0 oo om o
]
T
T T T T T T T T T T T T

RM= ertar 3 ppm

Intensity X
Q

0.0

X1 HBAREYHSE 4980583 85 KE4HHF US7504620

_.h
o
1

Fig.4 RMS error of MASCOT search results

1+

/
|

40000 80000
m/z

Fig.5 Mass Spectrum of BSA (2.5 pmol)
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JMS-S3000“SpiralTOF” TOF-TOF E—FZML /=
Bovine Serum Albumin @) 5E &% #51

[ixt®ic]

JMS-S3000 “SpiralTOF”(%, 415k H > SpiralTOF A4 Y6572 %5872 MALDI-TOFMS THo A3
(Fig.1 X 2), Z#UZ TOF-TOF A7 ar#iEET5ILT, mup/LX —lseif it (m—rLx—
CIDNCEV AR L= aX VA4 OB A EEL /2%, TOF-TOF E—RIZEBWTH U —H—AF 238 IR
FTHDITH IR AT A —NE, A PRDD 15 m DALEIZHD. FDi- JMS-S3000 “SpiralTOF (%, it
kD MALDI-TOF-TOF (2R TEWT VI —H — A4 RIRGEER A L TS,

85 TOF |20, ¥t B o nidEgEl 472y TRy 7Y 7L 7 har 28 AL TRY, IKE&O 7 1
I NET VI ——AF U ET—EORE CEIIT LN AIHEThHD.

F7-, SpiralTOF A7 W22 D RGBT MALDI-TOF ¥4 DR AN — 25 47 A H R DA A ZHER
L, 70X UM AL ATV FIZidE = 3% —CID 30 Bl ZR I AME eI Bl S D,

MSTips No.166")Cl%, Bovine Serum Albumin (BSA) @ Spiral &—F % U} Linear &— R TOEMESHT
IZDOWTHRIT L7z, A MSTips Tld, fEREEIZITEWE « OENFrRE4f 3% TOF-TOF E—F%H

V72 BSA O EMHTHENZ DWW TR T 5.

JMS-S3000

Spiral TOF

Fig.1 JMS-S3000 “SpiralTOF” with
TOF-TOF attachment.

2nd TOF

Offset Parabolic
Reflectron

Reacceleration region
nd deflecting system

lon Ga‘t‘;‘;.é = TOF

1st deflecting
system |

Fig.2 lon trajectory of “SpiralTOF”
and TOF-TOF attachment.

Copyright © 2010 JEOL Ltd.
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[RIEELHER]

1RDIZ BSA NI 2 k¥ (tBSA)% Spiral €—RCHIELZ. JIEIL SpiralTOF Ol - [ E 7 v
7 L CTdhb msTornado Control @ H BhllEHEREZ V=, B Bl E1T Peptide IR AW LA/ EREE HE L4
HW =, 5551072 MALDI <~ AARZ LI T MASCOT PMF #5417\, BSA 28 1 (L CRIESID FH 4T
B ZOBRC~yF LT FROE &1L 4 ppm (RM.S.) &, fd TEVWVE B4 5 428> T PMF
RIS FRECThH o7,

RIZ Spiral E—R THOLNTCE EAXTMLHIZEBWT, BEDERWAT Y B 10 RE TV —H—AF
& LC TOF-TOF HEIEAFEML7=. 57z TOF-TOF A~<Z7ML% vy, MASCOT MS/MS lon
Search MR Z{T-72£25, Fig.3 (TR 5912 BSA 78 1 (L CRIEENT-. £7- Fig.4 121X m/z 927.5,
1439.8, 1567.7 D7 X I M A L ART MV ERLTWDD, & 3/LX—CID [Z8FA @ Immonium 4>
R, a4 V=X, dAF V=K, W AF =R BB T,

JMS-S3000 Spiral E—R T, s TEVWVEEREZD> THIENIEE TH DD, X2/ EDIRE
% PMF 75 C1To8 5121, Peptide tolerance (FFA R 2272 E)DIEZE £10 ppm EFRGEEL TH, X277
HOREMTAS. MATHE 2 OBENIZFEEZAT%S TOF-TOF £—F&2MH\5ZET, MS/MS lon
Search {EIZL D5 VB REL £ A HETHS.

T WVE B E AT LT Spiral ©—RHIE &Y TOF-TOF =— R EZHAEHEHILET, BGMEN
DI AGHEMED B W R E RS MG 5D T28, JMS-S3000 (3472 /7B EMESHT IR L THReD TH R
—VERVFFD.

a

(a)

Number of Hits
I
s o B

=

- »  mom

— T T T T T T
o 250 500 780
Probability Based Mowse Score

Protein Summary Report ° 250 500 750 1000

Format As | IPrmem Summary (deprecaled)j Help ; (b)
Significance threshold p= [0.05 Max number of hits [AUTOD i

Standard scoring @ MudPIT scoring € Tons scofe of expect cut-oEIU Shew s
Show pop-ups ® Suppress pop-ups O Soﬁmass@edlDecreaS‘ng Score x| Require

Ay

Re-Search All Search Unmatched
Index ‘ icalyl i
0 1400
Accession Mass Score Description
1. gi]30794280 71308 714 albumin [Bos taurus] § - = (c)
2. gi]i1351907 71279 696 Serum albuwmin precursor (Allergen Bos d 6] (B34) . i =
3. yi|74267962 71221 614 ALE protein [Bos taurus] 4 Q
4. gi]229552 68118 576 albumin
5. gi|76445989 55514 510 serwn albumin [Bos indicus] g

Fig.3 MASCOT MS/MS lon search
result of tBSA by TOF-TOF mode.

0 200 400 600 800 1000 1200 1400 1600

[ BEE s 8 ) Fig.4 Production spectra of m/z 927.5 (a),

: . . 1439.8 (b) and 1567.7 (c).
1) MSTips No.166, http://www.jeol.co.jp/
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JMS-S3000 Application Data

JMS-S3000“SpiralTOF”Z UL\ =RTFLED MS/MS BlIEHI

[izt®ic]

ARTFRIZH LT, JMS-S3000 “SpiralTOF” @ TOF-TOF & —KEZ{ 77225, mT VX — 245
EfREE (CID) (2R 72 a A4 v —R7pl, GG MAE ML= 0 74 NBIS T,

A MSTips Tli%, ACTH18-39 DOHIE K& OFHT#E RIZ DWW THAE T 5.

[3UEH
b :ACTH18-39
(Arg-Pro-Val-Lys-Val-Tyr-Pro-Asn-Gly-Ala-Glu-Asp-Glu-Ser-Ala-Glu-Ala-Phe-Pro-Leu-Glu-Phe)
~K w27 2ZH| . a-Cyano-4-hydroxycinnamic acid (CHCA)

[BELHER]

Fig.3IC b= T B I d L AT M VETRY . TV —— A4 m/z 2456.2 (IM+H] s, Flix DT
01X A PERRIEI TS, Fig. 3T OF 7 i I A4 DT~ T4 CBiemannfEitiZ ks (Fig.1).
ACTH18-39 CIINAK AN HE FEME T 2/l CThH D Arginine M FAEL T D729, BiemanntZ it 2 381 F 2N A b
MDTZTAAAFE T DalAd Ly, bAA L JRdAF L) = AR EIZBHISH TND. mTpLF —
CIDIZHFA DarA v —R1E, a2~a2 1 ETRIHSNT-. ShiZaldV NRAETAHZETAELLAI A B ET,
BHEERSH . 8512m/z 100438 TlE, E=F/L¥—CIDIZHA Dlmmonium ion (Fig.2) &SN

JMS-S3000 “SpiralTOF"®TOF-TOFE—R %, OE=x/L¥—CID, @@\ 7 Ul —— A48 IEE,
QM ESIZEDOMALDI-TOFRF A DARANY — AT 4 T AR D AT L 28R, LW I3 DR RAAL TND.
AL EWOENESHTIZIE WL, OORENOEIEICE T 52 DIEHRERLIENFTRETHY, QKX UVG
DEFRND, FFONDT AL I AT L AT NN ISR 570 o TNV IRb D &7p% . Ll EDHIMS-S3000
“SpiralTOF” 1%, AHbE M OREEREHTIZ L TR TH 272 — L LR 1G5,

x3 y3 23 x2 y2 z2 xi1

|
— N |$3 clcl): N l coon 12 CH
J H H @

¢l a2 b2 c2 a3 b3 c3 Fig.2 Immonium ion.

Fig.1 Fragment ion series.

Copyright © 2010 JEOL Ltd.
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Fig.3 Product ion spectrum of ACTH18-39 (m/z 2456.2, [M+H]").
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALV

RTFRDFEHTH 2

Renin Substrate tetradecapeptide (porcine)® [M+H]" (m/z 1758.93)DFAF VA F U ARG L%
JMS-S3000 SpiralTOFMTOF-TOFE—KRTAIZELT=. Renin Substrate tetradecapeptideld, E2F|# IO
DURBAYRAADUERE DD, AAD U EMYRALVIIRBERBARTH D=0, a4 0y1F B EDRT
FROEEINFARLIZAAUEOEEEMSIEHFNTELL. LHL, BIRIILF—CIDTIETEHEIFARL:
LT CRIEMABRBELI-AA o (dMF2)BEBRBISN ST, BATHIEMNAREELD. £2T, AEKERTIL,
JMS-S3000 “SpiralTOF” TOF-TOFA 7L avx AT, EIRILTF—CIDTEEMICRSNS, 73 /EE4A
HOBEERBLIZIZT AU AUIZEDZA1 -4V OA4 D DHIFI D ATEENERE L. 8T, XTF
FRIZEFNDT7I/BOEEEZRE CEDIVEZ VLT U EHREICEATESNHEEL-.

BIELTEONETOZ VAV ARGMVEFiGT ITRT. EEARRLzar AU BN EICERASINTEY,
Fig.1 TIRBLTWLAKIICEINE RELIZARIMLNFELNA TS, 4VAMS O RUAS U DEEFERD
/Bohdm/z 600 RU 1200 BIEDEEEIEAT 5E(Fig.2), AV/ACL U TlEas 4142 hid-14 RU-28 B
PEICRIENREELIzdA AU A BBISNTEY, 042U TlEal10 4173 h5-42 OREIZdI AU HEEIS
NTWA. ChlE, 1VO1ooen oo TRAEBOBENRLES-HOTHY, Fig.2 TRLTWBESITdIF
VISEWAELS. RIZmiz 150 LT QEEEE AT 5E(Fig.4), Fig.3 D&M EE R OIVE=YLAF
UHRERIENTNS. COAAUIE, Fig.3 TRLTNDESICE 7SI /BN BEE(R)CCHNAMT L i Lo
THY, COAFUDLRELIZRTIFRICEEN TS T/ BOBHEEZRIET S LN TES.

LEDKSIZ, TOF-TOF A7 L3 CIIBEERMATHIOMD 2 (VAL U DRI EETHY, RT
FRO—RE: &R (452, De Novo Sequencing) IZEWT, BOHTHEIY—ILEWZS.

[M-+H]
L ab
His
B *—
Immonium " His Val Ser
2| -—3 * a8 Leu a12
£ at as .ﬂ]e_, Leu® ¢
B val L Pro r—* d11
~—e —
y a3 das a7l d10a10 a1 ) Tyr
b2-NH, a db1'2 *
J d}ﬁ al3-N
luILu\_|l|_.] | [ l L )l.JJ.lI 14 Aol lJLLJl.IulL ™. L]n .n;l“
0 200 400 600 800 1000 1200 1400 1600 1800

m/z

Fig.1 Product ion spectrum of renin substrate tetradecapeptide.

Copyright © 2010 JEOL Ltd.
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &A=

RIFEDBFH 3 (VUBBIERTFR)

DUBRAEIE, 2B OREZEMO—FETHY, BEVWEDNEICEVWTHIERNS I FILEEETTDH
NTW5S. ZD=H, FVNVBEQEDEML (FR/B) N UBIELTOSNIFERICEELFERTHLHLE
Z%. ZIT, SEIFRIRELTIVBIEZ /NI ETHS B -casein (Bovine) DRITL U BIELTERSN
E=E/VUBIERTFR (FQ pS EEQQQTEDELQDK) % JMS-S3000 “SpiralTOF” @ TOF-TOF A3y
THIZEL.

H#% 10 pmol/uL (0.1% TFA)DRE THRAL, &RAETRIVvIRE 11 TRELIZE, TL—MIFETLE.
BIK< R w2 R (&, CHCA % 30 mg/mL (100% MeOH) MEE THAEL, F0A®K 150 uL ITHLT
3-Aminoquinoline & 35 mg &S {ERLT=.

BIELTEONI=YRARIMLEFiG IZRYT. m/z 2061.807 IZERE D [M+H]" AEBISh TULNS. 2D
E/TAVREVOAF (FHEIE 2061.828) #T)Vh—H—AF L ELGERLTEONTRF IR AU R
RYMIVEFiQ.2 ITRT. CRIGICIERMETI/BETHAVDUNFHEL TS, RTFFOEHEIARARLT
EEINTFyAFA BV —XTERASN TS, Ftz, TOYLF UM AIEN BB L -2 LmdwAA 2 HER
BENTWS. BIRILF—CIDTIE, EHORRDAN)EEINBREEL TLESIHIC) VEBRILEZEDR
EITEETHD SN TVDDITHLT, BIRILF—CIDTIEFig.2 DLy owAF2 %) U EEE A
L=-REETEBIIN D=0, UoBILMBERETHEMNTREERS. Fig.2 [2BWT, y13 414 &y14 A
FoOmizOED, YUBIELI=E)UIZHEET S 167 EH->THEY, UV ERIEL TSI EAHMS.

LUED&ESIZ, TOF-TOF #73arTIRUVBIERTFROEMHLE DR ENATRETHY, RTFRO—R
&AM (3512, De Novo Sequencing) IZEWNT, #BHTEHEDHEY—ILEWNZ S.

4
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Fig.1 Mass spectrum of Monophosphopeptide.
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Fig.2 Product ion spectrum of Monophosphopeptide.

[1] A. Stensballe, O.N. Jensen, J.V. Olsen, K.F. Haselmann, R.A. Zubarev, Rapid Communications in
Mass Spectrometry 14 (2000) 1793.

[2] S. Shimma, H. Nagao, A.E. Giannakopulos, S. Hayakawa, K. Awazu, M. Toyoda, Journal of Mass
Spectrometry 43 (2008) 535.
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JMS-S3000 Application Data
JMS-S3000“ SpiralTOF” TOF-TOF 7Y 3> é&

4 95—3 0T L_ENREESHTEEOHEKD

JMS-S3000 SpiralTOF @ TOF-TOF A7 av ik, TEWTYh—H—AAVE IR IETRAN—X T 14
A(PSD)EEAA L DHR . TBIRILF—CIDIEWIFFHEERD. BHDIBRETHD 4 €350 T LA
“ENREENHHLATULEOHTHOENIHSD, RROFBERHFSL, ChWETEMLGERSF
DEERNGE, BRRAGADBFTHULLNTE-. £2T, SEIF4 92— T LZERREESNEHTH
% JMS-700T & S3000 #FAWLVT, B—H 7LD MS/IMS BIEE1TS, TNETNDFERD LLEZITo1-.

700T (& Fig.1 ADLIGAF VEEZ RS, RYDHEERVBBEZRANT, HED miz D214 &
RL, TDAAFE—FEDEETIA—TAVISELEREICEATS. /42K, BEINFEIZZ—TY
FAREER-EHEL, TORMBESNDZOHIZEED/NSINTOZT I A (T REEBIRILF—5HE,
2EBDOHIGERUVESTHERERIONT HIENTREELS.

HEBDO=HDOREFELT, DRVYIHPFHLLVYSD 72 /BB 5| &2 DR T FRTéHHRenin Substrate
tetradecapeptide (porcine) ZfEALT=. 2 DDEBETIM+H]" (m/z 1758.93) 2T Uh—H—AA 2 ELTE
RUIGEDTAT VA AV ARG VEFIQ.2 ITRY. &z, WADEEIZHITHRIESEH%Table 1 TR
9. FAB(RRREFER)-MALDI(TR) v I RIBEL—H — B A A b)) LN 1A EEDE LT LY S3000
(& 700TD 1/100 L FDETHRAHEEDTOT YR F U ARINLOBRENAIEELE-TINVS. BonizE
—JELTREAICHEIRIILF—CIDTHENGaLd ) —XDAF U OAVEZ D LAFUNBAISNTEY,
B—D/E—URFoNTWNVS. £z, Fig.2 D 700TOTAZ IR F U ARGV TIHIEEEE O A4 %%
RREAIT 501270 —T142 T EIE%E 5000 VESHIZLTLSY, ERELTEEEHDAA DR #E
BEOBEBEDETEBLOTLEL>TLS. LAL, S3000 TlE 2 EEDEER AT OBIEBRUA 7Yk
NTRYwP)TLoykaY (OPR) IZ&Y, 700TOLSICEEZENEERICELE TEREZRTETILENEL],
EHEEHEZHERRATET HEMNFREELOTNS.

LLEDKSIZ, TOF-TOF A 72 avw#ALNAIET, 4 98— 4 T LZBINEREEN Tt EREOEER
HBELYDLGWHUTILET, LB KYBEICSEIE TSI LM AEETH 1=,

Table1 Experimental conditions and specifications

JMS-S3000 | JMS-700T
Ionization method MALDI FAB (Xe 6 kV)
Sample quantity 2.5 pmol 1 nmol
Precusor ion mono isotopic | mono isotopic
Target gas He Ar
Matrix CHCA Glycerin, NBA
Collision energy 20000 eV 5000 eV

Copyright © 2010 JEOL Ltd.
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Fig.2 Product ion spectra of Renin-substrate tetradecapeptide by
a) JMS-S3000 SpiralTOF-TOF and b) JMS-700T tandem MStation
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JMS-S3000 Application Data
JMS-S3000“ Spiral TOF” TOF-TOF 73> &ALVE-

RARARIESHDREHI

SAAF (sperm activating and attracting factor) (&, RV DFEFEMHILFESIMETHY, TNETIZTEIFR
ILEX—CID I2&2#EBTMNITHOhTLE. 22T, SEIEEHZIILARYD SAAF % JMS-S3000
SpiralTOF @ TOF-TOF # 73 avzRWTRIEL, 7892 ARV EST-.

BoN=TRARRIMLE Fig. 1 IZRY (FMEELT, PEG sulfate 600 ZfEMHLT=) . m/iz 515.301 I
[M-2Na-SO3+H] DE/FAVREVIAA 2 (FHETE 515.305)BhndE—IAEBBIEhTSY, Fhllst
(24 m/z 595.255 [Z[M-2Na+H] (StE1E 595.261), m/z 617.237 [Z[M-2Na] (F+EfE 617.242)I SAAF H
KDE—INBRASIN TS, ZOFMD, BRIZHREDHSH[M-2Na-SOz+H[ [CDNWVTTAF YA TV ARY
MLOBEIEZETo. OS8O A U ARIMLE Fig. 2 IZRY. RIBICHIBBIATILIZEADF—
AEESND=OIZF¥r—SYE—R IS AVTF—a> (CRF) ARECY, Fig. 3 TRL TS LI SAAF
DEEERMLI-E—INEFLN TS,

UEDESIZ, TOF-TOF A 7L avERALVE-EIRIILF—CID AIEE{TIZET, CRFHEEDE— A B
[CERAISh, RABRILEYMLGE DERLTBEEZF DM TLEMEITITENAIEELLS.

x10 [M-2Na-SO,+H]
16 515.3012

[M-2Na+H]-
595.2545

Intensity

08+

06 617.2373
04+

02+
499.3052

00— : v N ; b : : : : L : i :
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m/z

Fig.1 Mass spectrum of SAAF.
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Fig.3 Structure of SAAF and fragmentation pattern (Asterisks show dehydrated ions.)

[1] M. Yoshida, M. Murata, K. Inaba, and M. Morisawa, Proceeding of the National Academy of Sciences
of the United States of America 99 (2002) 14831

(%]

AL, KIRKEREFRELSHARBNEFER BEIMTIL—TEOHRRARARDRRTT.
SAAF MDAIFEIZFRL, B OTIRBENFZEFELEARKEZXRFZREZHRAFMEFER
ARDFRIFHARE FE EHERISRENELET.
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JMS-S3000“ Spiral TOF” TOF-TOF A7 avZ L=

RAFTRIESHORIER 2

YTX (yessotoxin) &, EFAFBIELI-BZEBLIGSICELIBTSORAMED1DOTHY, hFE
TIZBIRILF—CID [Z&BBERTATHOA TSN 22T, 20 YTX & IMS-S3000 SpiralTOF M
TOF-TOF #72avE#RWTAIEL, TRF IR A U RARIMILER -

BoONZIRARIMLE Fig. 1 IZRT (4MEEL T, PolyAlanine ZEALTz) . m/z 1061.513 (<
[M-2Na-SOs+H] DE/TAYREYIAL AU (FHEE 1061.609)EBhnBE—IMNBAIShTEY, Thld
5423 m/z 1163.450 [Z[M-Na] (1 & {E 1163.548)I SAAF HEDE—IMNERISh TS, ZOHhn, BE
(2R & D HBHM-2Na-SOz+H] [2DNTTAF YA F U ARGV D BIEEIToY, TaZ o4 F 2 ZRY
RIL%E Fig. 2 IZRY. RIGICHIFRBIATIVIZEDFr—UNEEINS=DICFr—DE—NTST A
T—>3a> (CRF) H#EIY, Fig. 3 TRLTWAKSIZ YTX DEEERMLIZE—IHB{SNTINS.

UEDESIZ, TOF-TOFA T3V ERAN:-EIRIILF—CID BIEEIT52ET, CRFHERDE—IH BIRE
[CERAISN, RAFRILEVMLGEDERGBELHF DR TLRMEITICENARELLES.
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Fig.1 Mass spectrum of YTX.
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Fig.3 Structure of YTX and fragmentation pattern
[1] H. Naoki, M. Murata, T. Yasumoto, Rapid Communication of Mass Spectrometry 7 (1993) 179
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