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MAMTONTE . B¥MHETIE, B4 7—
H—OFRGFITHB R ERL TE2, UL,
EHRE R AT EE TR 208100, B &R L
MEXM S FEMBTS2LENSH D0, FFOKT
FHEizB T 5o FNRERS LB AR TH - .
CDOEIBEROKTA A—2 2T ARDFTEEL R
SNTELD, A A=Y AR IIEER, BEERE
MoHE L—HF—TKaEXLBNSHTOIA
LZ1T5 T &T, (LW E R L 2ans s Bl &17
SEMTH S, B EEIC KA A+ 2l itz
Mniea A= Wik mE I N Bl T
A ALTNSBICAMENTULES 28, ZORE
TOEPHETORAEESG<ah ok, 1997 EI2Y)
WTMADLIICEK A1 A=Y VR HiEEZ R W
RS ENAY, DOkREOR EafEn sh, Bl
ETIHEAMBEI L NI EF > TR LRREAER N T L
A, WIRAEEE (100pm) Z28A SMGEERFD T A—
TR, fICEERERBLE SR, RS
(3 OB REEMBE T SN IC D AT Z
oo MREMSEEAMBESN/AILICLD, EEMEKIC
BUIFLZ NI, RTFR, BREEOHAHRER
s EMmafEician, kA RBREERATHNOEAH
MHGEINDE DR TNHENO,

3 WEEEELEQ

MALDIE, 25-Yk FOF L REFRC -7 /-
- RoFrIEBELARLERIIRESN
B4 F ACHBIFIO< ) w7 2 BBEHEHIBRH L T
MEAEED, TOBL—Y-HBETLIIETHHEZA
AETBHETH D, WL EERD T O S MERYT
IS LTS, A REMY A OB foE 2 b i
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BEE (A ChE HERST 14U RS

AT—IITRE s ENT, ERBIc SO TR
BRI A eRICBWTL—F—2HKEH
. TH SN TFRERSHBI~EShD, HRY
T4 bS5 7R TOP-MS IZL DL E h 3,

EH1 WRERROMEE

G ke DFE R BT

TR BR A

FORIZEREMSLICEO g e73 /72U IVEE
ORfERL TS, LR 12D XDKELTEM. 25—
15— 1 100 um

H2 b hrERBOAFMARGREWBARBECLSI9FHE

DL —HF—TRAEBTDHIIEE>TERTIAZ
fEZ&175. YN LETHEES F v SN i mirigh
RE RS HTAE (time of flight mass spectrometer; TOF-
MS) izEshsd (1), TOF-MS Tld1#4 {kxh
FiRE 2 IT X - T L —EElRiTI 8, ZoR
M HR MO (BER/E6 m/2) 20H
T, THLTHONEAAOEBRARY M %W
ROVT b7 TR vETL, EEDOm/2
DT FIVEEREER K THERE L TRBTS (11 2).
UK LTSNS0 F2EET S0, [F—08
KIZBOWTEEBUARTZITOILDLTES, SHR
Bt ¥ &1, MALDLIC kD o1 F oAb ik s
FiZlL—d—%HBH L7 FrORBELIERIL, MR
ENHRLEAA Om/z EMET D & THlllBE-
CORMEFRREHETHD, 1F4 2 b7y TRERS
ot ARk L - TR e O TSR E T 2T
VL, EA#Eh O FORGYMSREOY VIEH, W)
FE#W, RUT LWL S N2 SOy % 0]
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Bk - FELEEVSHENH B,
SEORY

41 EFXHROEBERICSAHBARAEZDOUR
T, WO LIZE OB E g s L
ERMSEAICITTODRTWS, Wy /2 7 2K
tra&frbhfila = L OB SMhzEHhD
2HB. YNTH, IFH, BEHEEEICKAL TH-—-4
HZRITT S0 RICT70—81 F AR —$6%
FHRERENHWSN S, LAL, ZheOFRET
o FICB L THENRRITEITS ZLI3RETH 5,
SRS E RO TH MR ERB TS L2k,
fifl 2 ORI BT B 53T ORISR 21T 5 Z & Htn]
RE&ie o2, W RGEMB SO RGEEL L — o — Bl
BEORKESIZHRKGET 5. BUFOM RSAMEEOMRK
BEE 10 pm 258 L T 5, SHEICL —HF—RHEF
EEBEIESILICED. WREAMBIEOEMMRGE )
mMEdFaZ il hs.
EEMRICHVWTRISDI 0 TFNHEMNKRELD S
%, INETOMRMBEHMBETIRAGRO L > fLE
v b))y 2 2ELTHESHVWSH, FhEho<k
Uw AT EITRIEDA A Ll ERT I MM o h
HETIE, ChETHRHEINTZIah-1=29
FHiZBHETH-012, HILLWI M) v 2 2ZOMEHNH
FENTWVS, FIkiCHREZNET M) 220—212F
JRTFAF ALEBRASH S, ZOF SRITIIER 3~
dnm QRS /LTS TSN SR TTHD,
AN BEBDASZEIZE-TIhETICRINTER
Mol ToBRHEGREIZT S, F /%114 A&
AlZEMOTT v b/NVEE A RRMSIETRITL 2R T
i3, EROHET R v 7 ZAMEEHTRIMETE LA
2 FROAMPPIEZNTVSY (73).
WS TRV ) CREEINT 7 1 iyl e
FIREN D &M, MEESIFIZSGT D H RN
EORBEE®OHS-DIZIZN S 7 1 a2 H0L
FMITHRIETH DI &EA”END, LL, ThET
FRBERMSEORE & L TR EICHSUR i E N T
Eh, Thid, FIL=UEENT 71 0BYFIZE
ENSBEECAIA A ACADEEEFF DO/ OIZH R
RBERIFICEL ThWiWweEEZSNTEREEZDTH
S, MIEOMETIE, MBS WS RRERTDT
[N 7« AU MSEEY N HERIET S
TEIZHLTHED, ARMEESTEOMREE L TN
ST 4 EAMYFERHVLAIBZEARENTNSS,
Gk, WS FICBLTHREMBEN L DIEHT
&AMt E h B,

PR R 2B E L THWA AL, RS AT
WMEWRAICTPRETERVLWIENELH D, LA T.
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HIFSDEMEET S, FIT, MM '7+n
M RFTVEAEMT A0, 1488, oV

F )V 3 HE OO op Sl F CRNFRER B O 2 7 - )V %
WL FENETI I TETNSIT,

42 [FROEZOEBLHERRNEORES

Hile A B Tl B ERIFE & ARG RIL, 20 46, 30 4
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BEHCICB LT, HRBAMBIEICER S NSRRI 08
TEIIKRERIESTWAS, PRI, HREXONET
[ZZe R AR (G O S O ME nI g or TR DAL K, R
WTIHHEE EMEx ks, 2EL, #0667
AT SN/ RERBI ORI REBIIHETDH
N, FOH, FNFNREA/HHES - LA REMAS
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I ThaEAD., REACHHED S HOiRNh 2/
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D, WAHBIIBTE52< O TOREREMSMNIZ
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ZEENETS, LaL, ERBEBTIIRMS SMES
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GleEhi-LmslikEzMET 2468055, Rikmic
i3, #HRYF oY -7l RUTTF—5 -2 BE
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EE#EM T CT % PET, MRI & A Ti&lET 2755 5.
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il

A AT VI AANY ba A MY — (IMS;imaging
mass spectrometry) & &, EEGH FHWTHWEO 5
FUHALT BFEETHY., ZOFTLWIRL L OBEER
o b O& M EERBERE LR, BRS E 1, K
FRGFEAF L, ZOERLEMOLEZFBALTH
FRESNSTA2FETH L. AEYWHOERSHIZEHT
REfetf e o A 4 AMLEHE SN TV AL, HEHEMET
Z. SAEREBR R EE 2 MM RETILSE OB V< b
)7 AHBEL—F -4 + v1biE (MALD; Matrix-
assisted laser desorption/ionization) % Hv:2 @A —AklH
Thbd. HTHREZLHMIT. REFABELETH2S10u
mUTOESIZHEGY L, ZRERIZES S, oL —F
—MBHII L o TELLRMERZ AT 0, LRFRITE
BUFEM T, »OBMEEE LTOREET/20EH
THHILENDHL, —BIZZD 200552 3THM L
LT. HBEL F41 A7VLAICbHWSNARLL ¥
A A2 X (ITO;indium tin oxide) % EMIZZ—FLAX 5
A F7FIADBHWENRSZ EHE v, MALDIZ W71t
RMOBERSTIIRABET M) 7 A2 TFOIRET A5
BREEMEE TR OWEO RTESROBELZ ) <
720, EO~ M) 7 AN LIS ICEU T BB
bbo FOI2D, TTATL—T< b7 2A%YH EIZE
BEroAT =0T v, A V279 Y &~
YOEFRT, MEOT M) ZARYF LICHETTA ROy
Tly bk BEIILAEFELEFHABEINTV S,

A F VAL B N7 5 F O 50T 2 AT I R R & b A
(TOF-MS:;time of flight mass spectrometry) % M5,
TOF-MS Tid. 1+ MMbah-aFICEBBEEEZ M. B
HEFicmh o T—ENHHEEZRITS D, BIAFHLUGT
AFAVEEEOSPEVHDIZEHRBEBICRELAET S
O, HELEWOL (HEEWItms i THlEsh
b WMESNIGFA & ¥ Omizh BEEIC, FECA 4 >
MEEZ L /72 bDETAANRY PV ENER, mZl3WET
LICER D720, BAWMETHNETAARY P 25D
FIENTRERTHH, 7FHEICL>TIIZDHDOF—F R
—AHERENRT WS, T HESWEBENTREOA
F U ERBmAARTFEEHESE, FELIZREA T VRO
SR> OEERT 1T (MS/MSH#EHNT) Z L HuEET

Hb, ZOHE. PIARNRIKMOIEEWTH-TDH, £
OHEERET A ENTETH S, IMSTIZHML A 72
EDOTRICAR EOZE O A TMALDLITOF-MSIZ X 5%
BOWE2TH) LT, ZHOGTOMBIEHRE S ERA
N7 MVEBEERL, MESh-AXRZ PVEEDOH B, EH
THGTORYAANZ PVEMB L, KHlESTOY 7+
VEREOATERTAIET, £EYWHEOZRTRE
LB 25 ETHAETEIENTESL, ZOFEICL
WENE, R7FF, BIUREZERLDET HES
TS ED 2., ARG ETENSRZRREL T I8
TLZLEHREL o720

MALDI-TOF-MS%& R\ -IMSDJ& A

PERDA A=V FHMEBZ AR EDTS, IMSIZE
BHGEFE FORBEDO< Y ¥ Y FI3E L DEHEED
TWwh, ZOFRTIE, PFUBARIE, PFUSAA. A,
BLURIBEICET A2ZHBOMESHE SR TWSY, #
B LERARELED X ITENIZH - RBEshdahbn)
DIFEELZIFRTH D, EENTOEYW I AEMDT20D
RO — AR 2 T TIE, FEEREIY BT R TR
L7-#hEis L, FOURzHWTE&HEF+ -5 V%7
57 4 — (WBA ; whole-body autoradiography) %779 .
7o, EYoRBICHT A2 HEE, SHED S Ol E
ST A LTRSS A, fEo T, HWEIREZ BN T 5720
Wik, MRS RBEERBOF— 5O EPLETH 5,

—HIMSIZERIL AW OARZLELET, ERZE o
A&7 bifibae, RBIhEYE LAY ERX
MLTA A=V YT THILNTESL, Lo lFludd
D, BEMPI2A POMTLERLTV S, FIZIEHEESIZE
HREArSS L HFE R L o mEKED R ST oY
BEHEMEZHVT, ST ACEE L7 7EF YV O4RH
BREDOHITF 217 o7:Y 77 EF Vi AS¥IVH2S
BHEEYAE LTHRERSLTHREE LTECHWSLRTE
D, HEHOBEN LA TV A 20, IMSO ik
mEVIE LM A ETERTH» 5. REFERANES L7
77 EF Ty OEHETOHAGEIMSE BTN L7231,
RN, FFRE. L. B, B X OTHLEAO5 2 RS
AT LENTEL, ThiIZBFEOF—IFTATF 74—
MEL—-HLTBY, T50umOREETERAOT 7

Key Words: imaging mass spectrometry (IMS), matrix-assisted laser desorption/ionization (MALDI), time-of-flight (TOF), secondary

ion mass spectrometry (SIMS)
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#4526 %

1 P24 4 B

EF T 5 MBI LR, BEAOEFHURE
., EMBEOHTICBITAAFEOFHAEEZRT I EIC
KL Twvb,

o S AR R Y. 4% IR E o BT %
BEEL, ChIIBRFOFETIEIREBETE LV, FlZITE
WolH) YIRE e b T AREEMEL, v AL
Freh o #7 2 BER BRI & Fr o B0 ) ¥ IRE A AR
LREEZTL (F1), E5IC05HEREDOMD = 2 —
OyORAOBICEREhEZ E2MOTHLMZILTW
ZJ.;:(;.

ZRAF CEEBMEERVL
HEETHERFEORE

T44% Tk, MALDIE &L 244 Y bEETH S

R A F AT (SIMS;secondary ion mass
spectrometry) #H\W7ZIMSHFEMRILE TS, FiEk
MERRHRMMEETHH SN TWwWA, SIMSTIZ, FT3E
EHICHATT—KAF YDA NF—E— L% BET 5,
BT KA F v L DfZc X ) RFEmED S &
SRA X EHARONTAIEICE D REEE O
% AT Do SIMS% v 72 IMSIE & W 7 1 45 i ik % FF
o%, KELER (45Ti2000Dablll) #bo720FD
A F AALICEE T, TAMS/MSHHTIC & B HEE T EDH
HThr L) MBEELHY . T TEWENAE QR

16:0

16:0

PC(diacyl-16:0/18:1)

18:1 (OA)

' miz798.4
PC(diacyl-16:0/20:4)

20:4 (AA)

22:6 (DHA)

miz 844.5

0% NN TEE

PC(diacyl-18:0/18:1)

PC(diacyl-18:0/20:4)

M~DIEHIEHZ VHEATI oz LA LBREIMS 57
WORBIZE)VEREBEO=_—-XHFHTED, B
ZolRIhoOMESz Rk L, SIMSDEYERFEEHS
IHTXL, SIMSEEARE FHMEZME L -HEE
FOBEREEL BL UMY 7 b7 2 7TORECETLT
W5 o BEAFO B PRSI L OV O Y E)E % B BF
THEOHBIITIEFITEL TS, BIERE OFEE
FROLOTHMMEEIZS ymBETH Y., MEA, B
WA OWE G & v o 7o (SRR A T3 TH b,
—HSIMSOFEERH 73/ 70X — VDA —F—1(
BEST B0, EYERHEHIE L 2SIMSORSIZ X -
THD T, FIZITED LB EHADNACEET 7
O—FLTWANEIRZWHLNITESL LHfFE S,
5| F 3k
1) WEEEEAIM. (2008). B{REBABEIE (MAELFR) |
YaFYrH— Txiy, TR
2) Sugiura, Y., Setou, M., (2010). J. Neuroimmune.
Pharmacol. 5 : 31.
3) R, FIFEE. A (2011). J. Mass Spectrom. Soc.
Jpn. 59 : 79.
4) Sugiura, Y., Konishi, Y., et al. (2009). J .Lipid Res. 50 :
1776.

Structure of PCs
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18:1 (OA)
PC(diacyl-18:1/20:4)

miz 826.5

miz 848.5 miz 846.5

PC(diacyl-18:1/22:6)

miz 870.6

100%

H1. w9 ARERDRICBTARLZLE 7+ A7 7F N2 » (PC)oFO oA OMALDI-IMS 2 X 204k, NEliEE
(FAVMIBDORLZ2BBO T+ A7 7FI0a) Y GTFRIAY Lo HeRmT I EPHALPIIR o7 CBX, MHEHE
CP, #i4efk; CTX, KM E; HPF, #FH4; TH, #1HK. This research was originally published in Journal of Lipid Research.
Sugiura Y, Konishi Y, Zaima N, Kajihara S, Nakanishi H, Taguchi R, Setou M.. Title. Visualization of the cell-selective
distribution of PUFA-containing phosphatidylcholines in mouse brain by imaging mass spectrometry. 2009; Vol. 50:
ppl776-1783. © the American Society for Biochemistry and Molecular Biology.
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Imaging Mass Spectrometry
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Matrix-assisted laser desorption/ionization (MALDI)-imaging mass spectrometry (IMS) enables the visualization
of the distribution of a range of biomolecules that have varied structures in the cells and tissue sections. This emerging
imaging technique was initially developed as a tool for protein imaging, but recently it is increasingly being used for the
imaging of small organic molecules. IMS is an effective technique for the imaging of small metabolites, including en-
dogenous metabolites such as lipids and exogenous drugs because of the following advantages: First, IMS does not re-
quire any specific labels or probes. Second, IMS is a non-targeted imaging method. Finally, the simultaneous imaging of
many types of metabolite molecules is possible, and all these features are necessary for the assessment of metabolite
localization. In this review, we discuss the capability of current IMS techniques for imaging small molecules, and in-
troduce representative studies on imaging of endogenous and exogenous metabolites. In addition, the limitations and
problems of the technique are also discussed, and reports of progress toward solving the problems with this technique

are also introduced.

Key words——imaging mass spectrometry; kinetics; visualization for biomolecule
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Fig. 2. Example of Tryptic-digested Protein Imaging and Precursor Ion Mass Spectra with Positive Ion Detection Mode

(a) Optical image of imaging region and (b) accumulated mass spectrum from imaging region. (c) and (d) are imaging results of m/z 1460.8 and 1743.9,
which are labeled by asterisks in (b). Merged image (red, m/z 1460.8; and green, m/z 1743.9) is shown in (e). These peaks were identified by direct MS® and were
identified as the fragment ions of myelin basic protein (MBP) (f) and histone H2B (g). Partially adapted from Ref. 13.
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Fig. 3. Distribution of PC Molecular Species in a Mouse
Retinal Section

(a) Each area can be roughly distinguished in this optical image of the
mouse retinal section, and three colored dots are shown. (b) Three spectra
between m/z 755 and 805 from the measurement areas at the red dot (outer
nuclear layer and inner segment), green dot (inner nuclear layer and outer
plexiform layer), and blue dot (outer segment and pigment epithelium) in
the mouse retinal section are compared. The signal intensities at m/z 756.5
([PC (diacyl-16:0/16:0) *Na]*) and m/z 782.7 ([PC(diacyl-16:0/18:1)*
MNal*) were the highest in the red dot and in green dot, respectively. The sig-
nal intensities at m/z 797.4 ([PC (diacyl-18:0/22:6) *Na-N(CH,),]*) and
m/z 769 ([PC (diacyl-16:0,/22:6) *Na-N (CH;) ;] *) were the highest in the
blue dot. (¢) The ion image merged from [PC (diacyl-16:0/16:0)*Na]*
(red), [PC(diacyl-16:0/18:1) *Nal* (green), and [PC(18:0/22:6) *Na-N
(CH3) ;] * (blue) revealed the three-zone distribution of the retinal section.
[PC(16:0/22:6) *Na-N(CH,);] * (light blue) was distributed in the same
region as [PC (18:0/22:6) *Na-N (CH;) ;] *. Reprinted with permission from
Ref. 16.
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Fig. 5. Mass Spectrum of Famotidine and MS Ion Image on
the Whole-body Section

(a) Structure and mass spectrum of Famotidine. (b) Mass spectrum of
Famotidine detected on the tissue section. (c) Mass spectrum of Famotidine
detected on the kidney in the tissue section. (d) Optical image of the mouse
tissue section. (e) MS ion image of Famotidine (m/z 338.05) on the mouse
tissue section at 3 min after injection. The Famotidine is observed to be dis-
tributed with significantly localization in the kidney. (f) MS ion image at m/
z 338.05 on Control mouse tissue section. Partially adapted from Ref. 18.
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Reprinted with permission from Ref. 17.



