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Mass microprobe acquires mass-to-charge ratios of ions which are generated at an extremely small area on
the sample surface. A raster achieved by moving the area of ionization over the sample surface allows to map a
wide variety of compounds existing on the surface with a lateral resolution of 1-100 #um. The technology to
visualize a local distribution of compounds in the sample is called imaging mass spectrometry and is recognized
as an emerging field of mass spectrometry in recent years. Mass microprobe can now be applied to biological
samples, such as thin tissue sections, after significant progress of sample preparation techniques. SIMS, LDI, and
MALDI are ionization methods utilized in mass microprobe. Molecular images of light compounds, such as lipids
or metabolites, are suited to be recorded by SIMS or LDI, whereas peptides and proteins are targeted by MALDI.
Although the sensitivity is the most important issue still to be overcome, mass microprobe is superior to optical
observations for providing chemical information on biological samples, and is highly promising as a practical

tool of biological researches in very near future.
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WCHYIEN TR LT 2 BRI OREE, A A —v v
7B &) #r (imaging mass spectrometry) % 72135 1A
* — v 7 (molecular imaging) &FEEN, Ak b
IBHSha X5y, T IHFERLTT 2 ) A EES
#riF42 (ASMS) TOMERFER £ v ¥ 3 YA RE SN B 7S
EEHZEED TRV EREICBAAGRIIER & LT
BT S N THAED b 2 ERBAMEE O T 3 £ 72 LS
WODT, KEDUGEF 72 FBIE D TR & OB EE %
5. Lal, HTFoERFEEME (specificity) Om\W b
FERTH O, BRICESOWTYHES MBI T 2 EEH
WEi, Gy 7 A Lot riaER Ic X AR A
569 5 FBE LT, WY« EEASHAQILH RS TH
YThb.

*ORBRF R LR B & T v — % — Wik
(®573-0128 WATEHILTF 2-9-5)
Institute of Free Electron Laser, Graduate School of Engi-
neering, Osaka University (2-9-5 Tsuda-Yamate, Hirakata
573-0128, Japan)
E-mail: naito@fel.eng.osaka-u.ac.jp
BLERR HEERICRFERAY: (2431-1202 {EAATTLLNART
1955-1)
The Graduate School for the Creation of New Proto-
nics Industries (1955-1 Kurematsu-cho, Hama-
matsu 431-1202, Japan)
E-mail: naito@gpi.ac.jp

B, VEEEEEE ] OFEHE LT [mass microscope
EVWSIEREH D 5 5. AfgDORIFTHNS K DI, mass
microscope & mass microprobe 125275 32 5= (H4) T
b5, WHEETICWEINTVEA X =Y v I HESHO
I3 & A E1d mass microprobe 1L 5D THD, Kigo
WAES ChEHRMIGR LTV ey, %l OlRE %k
J 5718, ARETldd AT [mass microprobe | % ['EiE
PEMES | OIERE LTI LD, ThoE2METE LK
—ENTHE GGEICRELFAELREY) OEE [HE
PEMEE | 1TIAD TV S,

2. RIBLEE

2.1 AA—CVIEESTOEE

YIBE S GEERI Ficb i > T 4 Y AERERA 25
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Fig. 1. Principle of imaging mass spectrometry with mass microprobe. A thin flat sample, such as a tissue section, is
subjected to SIMS, LDI, or MALDI source. The area of ionization on the sample surface is clearly identified by the
small exposure spot of primary ion beam (SIMS) or pulsed laser beam (LDI or MALDI). Thus a mass spectrum
corresponding to a particular location (pixel) on the sample surface is recorded. Imaging is achieved by scanning
pixels over the sample surface. After the whole mass spectra being recorded, peak intensities at each m/z are
converted to gray scale tones of image pixels, i.e., a darker represents a higher intensity, to create raster images.
Each m/z gives a raster image, which is the molecular image of that m/z over the sample surface.

MO EE7 2 VOIKEBOERTERIT 5. 3, EE
% A A VEE5EEIIC L 3R, #7155 —HETO
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(secondary ion mass spectrometry; SIMS), L —##—
E— s ARSI 5L — % —iEE1( 4 ~ (L (laser desorp-
tion/ionization; LDI), 8K, &H L&A 4 vt
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V= —bE—sARBHTE< MY Y 2 AE L —

A4 # Ak (matrix-assisted laser desorption/ionization;
MALDI) BHWH N TWA,

2.2.1 2RA A VEESH (SIMS) SIMS T3 3~25
keV IR LIRS B 72 1IRA A v B — A& GHEZERT
AEHclE L, sEEms oWEN R (Ro¥y 7) Sh
BRICTHRRT B 2 IRA A v AEFAT 5. BURERmES AR
DB 1 TuAA AT TR 5 DT, FEAESE B T
LZEEROMTFRELTIHELL., Gat P Int D1 4 v
- AEFRET DHIESEA A I (liquid metal ion
source; LMI) 3RUFEHIS 1 IRA A VIRTHY, 14 v E—
LD R Ay b ERFEE 1 em (&ET 100 nm) £ TERT
X570, BEVEME» oS TH 5. K DLl TREISI
LIRAA VFEELTCsT A4 4 Vg EDH D, 2~3um D
Ay FEEEFTV S,
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X 2 E# T A A VLD &I A Benninghoven i1 & » T
RE SN TLERY, EREE & D cARILEY O SIMS
ITE (organic SIMS) AAMEHICITON S K H1T1E - 7e,
BRESTHRD 2 IRA A VAR, 1IRA A v ORFEIBES
EA—E D (static SIMS limit) 282 5 & L 720D
LiEEd 3. BAE® 1IRA 4+ v FEIC & - T static SIMS
limit (35 225, B8LZ 108~10"H/cm? TH v, 1K
A4 YEWEE 1 nA/pm? O 54 T 3RS RREK 156~
150 us ITHHY 4 5. THIESIMSICX 514 2 =Y v 7H
BOTTOREEEEFICE > TWVAE, 2IRA A VHEREDR
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M U 7RO E R Z ERIBS L, 1IRM A v E—sL
2 RA A vl W 2 IR GEERR AR I E) S
S AR 15, BEEF »— V7 v 7 LR RIS
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TIRFINCVER T 3 = 2 V¥ —F%, SIMSIZHBF 5 1K
A AV E=—LDLL—F—E—LIEZHZ b0 L HF
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K> TOART R NF—REL R VF—ICERTE LD
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HRS S T —BESNETH B, (3) FREFEA I ER S
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L—HF - — s RS2 HAD S, BHAEICBT S
Z Ay PEROHE Fom/ME (EHTRAD v —v—KE
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E— LM 20, BEILEYIHEERD A A v IdEEY
7 —EE106~101° W/cm? TE STV A, IBESE
B EM (KEHE, reflection type), 3 75 bk 4
vEGI ST AT TS, BPELY TR TF— Uk
@ L CaElEER] GEB, transmission type) 7> 5 & AJRE
Thh, BEERLCFPEE EEAREST 54 4 viFRTOH
HEAZSH 50, HEBTCIEY v 7VOESIE L um DK
IHfRS 5. LDLIFSRIERRIA T + — V7 v 779 200
W15 L, 2V 2 BBEHS D T static SIMS limit IZFH4 4 5
4 4 vHERBEORD S SIMS BEFEETIEFR L. Ll 1
WA S E DA & vEREIZD TN TH D, EEIIE
HlalDxov 2 S CHIRE & E SRR ORI L0 hid7s
5750,

2283 T MU IRZIBL—Y—EASA T V1
(MALDI) Organic SIMS - LDI ® 3 75 &8 2 HiPH 13
5002 FcTchy, INEBAIEEE, iy vy
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5. 2Ny 2 R EES T ONREINZ B 1 4+ V1L

(e b+ vBE) 2EET 2EMANDH 5. MALDIICX 51
* — v ERNTTIR Y F ¥ U (sinapinic acid; SA)
PExbHVLN, WEtmodE cHBXEnEI -7 v
95, MALDL I3y F& 10 TA2#BA S5 v EHDA %
vAEERL, LDLICHANTEEZBEICRLTE 5. %
7o, = bV o 7 ROFEHHICK B A 4 AUERD T OEIR S
TRETH B, LhL, < MU v 7 REROBEEHEL AN
Hick - Tid, HBEED S OMEOEL  BfEOBZ
NRd D, PWWESHPE S 2 JREHICHE T 2 4E D
Hob.Fi, by 7 AN TO 2V F —RIRITED
FERDA A HEBERAIIRE A R 5 MK D IR0 HE
Bcw, L—HF—t—aZ@RICIEH LT b E W EEE
DOERIZREETH 5. REWT L - —RFELELT, N,

L —H#— (337 nm, /%)L R0E 4 ns) % 3= Nd :
YAG L —#— (J#E 355 nm, ¥V AME 10 ns) 73 5.
MG/ v 7 — 213 LDLIC R THh R /& L, 105~108
W/cm? fEEETdh 5. LDI &[EILL, 10~100 [EFEE D ¥
VR IBECHIE L ESEEEE O RT.

224 SIMSI[ZHIFZ2 U IRDFM 7Y o —
WiE & OREFRIERARA LAY ORI, SIMS @ 1 IkA 4
v OWBEAENT 5. IRIWIDHIE~< » ) v 2 2 & LTI
45T EM0, HKIK2RA 4 VEEDH (liquid-SIMS,
LSIMS) EFRiEN, FEHP S EEHEF E 3,000 FEE £ <L
K 5. LAY O SIMS RIE TR I —fRs kT
b B0, EEPAMEEIC IR T &m0, LSIMS 12 i3 &tk
FIAIE OEEYVE 2 4 2 iR b 0, static
SIMS limit Z7EfR U CRYE 130 Fd 205, #ES AL
N3, MALDIOX S icfElfk= b v 2 252 H0nEy
BofizRiicE s, 2ol LT, &&E&LRE»S
SIMS IZ & > TED THRIES LTV A1,

225 AFVEREALOEZE LDl MALDI T id@
H, L= —E— A0 AEE L CHEIY v VR T —
Jick o EBER LoV — ¥ -BEALEBET S, 2
FobEvISE—y—EHVWILHEIR T — VN BERKE LS
um ZJGTWE, I SICEREEICMERD T 2551, E
TVHETEHVI R T — VBB T 20 nm OS5
3.

SIMS TlE# v 7 VAT — YOMBEAFEEL, 1kA 4
VB — AEREEE 72 BRI X D RN & & TR A
BEit s, ColREAh=AVEEEE 720D T,
EHOBERRETH b EEE CEEE SV, L L,
2 A A& VIHEFEZROFULENT LT 1IRA A v BBFHEALAS
N9 %72, SIMS Tk & L o BT gE 75 #E P
GHE) ITHIBRDSAEC 5. COEMOBEEARE L THRE %
/% 3% (dynamic emittance matching; DEM) & #%
ThTw3,

226 E=FVYITRER HEFEAOFEEOIAMHE
B OEE® &, SROIRESHENIE ORI T15 <,
YIBERBONRT -5 & LTHHE LBD TEETH
5., ETAE=FICLBERBDY T A LFIR - GLER
MWEFLOV., 1M AVYFHELV—YF—DE—L/¥Z, B
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KOS A VR EFHLTVWE=2 ) v 7R
DOELE 1, A 4 VRICBET 238G LN EEO—D Th
5. ¥ LDIEEHEMBEOA A VLAY - —Z2iEH L
fo, HES LV - BRIk T =5 ) v URFREF
DikAs b b 512,

2.3 SHER

HEEMEO IR, FEEMICTNXTCOEESEES
. (PYEEHR (Qquadrupole), RS (magnetic sector),
TRITHERR (time-of-flight; TOF), A 4 ¥ b 5 » 7 (ion trap;
IT), 72— &AL 44 27 o+ o vIig (Fourier
transform ion cyclotron resonance; FT-ICR), B8X U
NoDy vFLR, ~NA Ty FRIIZE) MafETH D,
ERICS I BHATOEEDFEFE SN TV S, Sl
DEMEE LT EWAITYA 70 (2) @A A ViR
(transmittance), MWEIF 5N 5., FEREHKOEER <7 b
VeSS 54 2 =Y v IHESTTTE, 24 7 1vo
FEW b5y 7HR AT, FT-ICR) BABINCAFTH 5.

TOF Bt A4 7 VRRETH D, 14 viEEES
100%1CES 20T, HBRPMEHO ML L TRETH
%. SIMS Z8#ed 2H41F, 1IRAA v E—L%E/ LR
fELT2RA & v %2 OV ZARITHRL T 520, F 7 IEESIN
38 (orthogonal acceleration) IZ& - T 2 RA & v %3
W AIRITIE G B 052088 5.

PUEEHR (L m/z DFEBEEZEET 2 EEEREDOY R T 4
Wy ELTEWET 20T, 1HHOADSFEENE LI
AA =Yy TEEMIICE#EL TV 5, NI, 4 v %
AR d % SIMS & DfEieIc &z TH %743, LDI > MALDI
L DB O TIRETH 5.

BEIEEEO DD 5 v 7 4 b MS/MS) 1, 1% v
BIEROIKT, o4 7 07— HEHEOHEKE VS
TeWNEE R AR B0, RAWIE 275 Licny A
A=V VI TEIEHETH 3.

24 WBHB[BETFT—FIORTLA

BEEIME RO EES TR & E Ukids (BT8R
BEOINFF v+ RNV TL—hEE) ZHOVTWEY, K
WA A& VHERETOREE S 570, HHBRRCEE D
REER GO EESTET L O bE». BEEF vV
&7 (superconducting tunnel junction) FRHZRIC L 25
JEEALDORA DS V1Y), SO ERSHIFFENS.

HEMEEO T — 5 Y27 413, —fROBEESETTO
ZOBENTINAT, (1) HEARI PVPLDOA A=V Y
JHT — 5 ofith, 2) WHEHAMMBOEE 7 € VERNE
DEH, (3) WHEDHE T — 5 DM « #1F, (4) A A —
VIS AN Ry =T (v TR T — OREIE
L) o I, OI TR TV A LA TETT B,
PEFEOE BT 200E L /CEEBMEE T, Coko7i
WiEx o7 — s v A7 AEZAELTVE (Bl v 7 v
5 — BV~ RFED MS Image Tool'?), Tl OB ERAHEE
EES B ERRI 7 » A VERDF 4 VI v 2=V
& LTERET 58, TIF 2 (tagged image file format)
BE—RIIEA 2 =V 7 s 4 VR iIcz s 2E =+ L, TH

RERIINT Y w7 KA A YORGUEEY 7 b9 =27
(NIH Image!® 73 &) 2RO W80 G b £ < 11b
na.

3. AEDEE

3.1 HMARE
BEESEEOEFEENC 13 SEM & @ 2 A D B
73, SEM T3iEHERED (REFZ I DSRT-EIC 1S B DTk L
HEWRE T IMEN N EZ /T 208N H 5D T, Gt
BESICHLL A, SEMoRBEH#HETcIS HOWON D
EEANL, 7 I HNy 275y NS5 9 2 3ERIG
REEGIERI L CELET 2O TCHEHTE MV, &K
ffEEhc i, (1) BRmE L TE< R 74 2 L, HEZE
TRZRICHE IR N T 4 VIRICEAT 5 (freeze-dry), (2) B
HHRLTHS R 5142, GKIKEOF FIKATTA4 v
JFIcE A d % (hydrated-cryogenic), (3) Him TUIHT L,
Wriiic ) = F L v IRE &% H T CREWE =% LD A
Z VIFICE AT B (membrane-blotting), 75 & D& LA
b0, TNFNICERND 5. (1) OHETIE, FEENTH
YR DG « 2L (4 2 — v v 7 cidatRHEEmR T
I NIEE 5 10), Bl < 5 LR OLREETH
3. RS bEDON S, (2) OFkIIEM TEMisEE
EMEEL, Ky Ok©FR) TBOLNICREI ORI A
F AbHEIC I 5. (3) RIS ICES FETH D,
b ZEEOYE OGN IEES S d, ST ORERE
PIHAERICE > THREESN G, L LEZEML 7oy
MEICE > T LI ICEREEZG52 52 L13TE 5. &
DfEESTEE LT, ) VIEHES & OERH IR
TAYEIC->VWTIE, Mo UME Y v v L —
M T LR CEbTx 5, Ml vwTi
L—H¥—<A270¥% {2y vav(laser capture micro-
dissection, LCM) &\ 7o 80203 d 519, & 7o BiffaA:
VIaBiaism L, 4 A4 VRIS L e BZERSN T £
1 RUBHT A b EREs N TV B, MALDI @bk
BTRSISII M) v 7 AWNMETS. £HiCi3 (1) <A
7Ry PEROWTT M) w7 REREERNCHE L,
HE T CTHREREESE S, Q2 TAFL—E2HWT=<
)y 7 AT AEENCI TEE L, WiE N THARTE X
¥2%, Q)bohrLOTIY) vy IR TaA=F v I LIS
L — MBI ZEE 2, BEDHEENH B, (1) (2) D~
FY w7 RN, BRERS SYENEH LISV X
ITNBHBEBMBETHY, <) v 7 AEROH FEIZ
— %75 MALDI HITE 1T LN TH 78 /NS W (~200 nL).
B o EHE) 75 5 & 13 SIMS, MALDI & 412 10~20
um TH 5.

3.2 SIMS IZ & % AIEH

SIMS % I\ 72 BB BE S (35 O I RRE & S A A —
VyvrakEE L, —fFl&E L T40,000 7 £ILDA A —
VY UHIB A3 RITHE T A, HIREEE I 13 IMS
(CAMECA ) % TOF-SIMS (Ion-Tof#t), TRIFT (Phys-
ical Electronics t1) 23d 0, WFN &S LKL TV S
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Table 1.

Mass Microprobe Aimed at Biological Samples

Current Researches for MALDI Mass Microprobe

Institute

Leader

Main research activities

Vanderbilt Univ., U.S.A.

Univ. Illinois, U.S.A.

R. M. Caprioli

J. V. Sweedler

Novartis Pharma AG, Switzerland M. Stoeckli
Univ. Giessen, Germany B. Spengler
FOM-AMOLF, The Netherlands R. M. A. Heeren
Sheffield Hallam Univ., U.K. M. Clench
Penn. State Univ., U.S.A. N. Winograd

ICSN-CNRS, France

O. Laprevote

Jowa State Univ., U.S.A. E. S. Yeung
Univ. Metz, France J.-F. Muller
EMSL-PNNL, U.S.A. K. M. Beck
Univ. Manitoba, Canada W. Ens
Texas A&M Univ., U.S.A. D. H. Russell
Applied Biosystems/MDS Sciex, Canada J. Y. Zhao

Instrumentation, Method development, Molecular imaging
of proteins in tissue and cell

Method development, Molecular imaging of peptides in cell
Instrumentation, Method development, Molecular imaging
of peptides in tissue

Instrumentation (built in-house), Method development
Instrumentation (stigmatic mode), Method development
Method development

Molecular imaging of light compounds in epidermis
Instrumentation, Method development

(LDI from frozen aqueous matrix)

Instrumentation (MALDI and Cluster-SIMS),

Method development?

Method development (colloidal metal additive LDI),
Molecular imaging of light compounds®

Instrumentation

Method development®

Instrumentation?

Instrumentation (orthogonal-configuration)®
Instrumentation (DMAP optics, ion-mobility device)®
Instrumentation, Method development, Molecular imaging
of light compounds in tissue

@ A. Brunelle, et al., Proceedings of the 52nd ASMS Conference on Mass Spectrometry and Allied Topics, Nashville, TN, May

23-27, 2004, WOBpmO04 : 00

b C. Sluszny and E. S. Yeung, Proceedings of the 52nd ASMS Conference on Mass Spectrometry and Allied Topics,

Nashville, TN, May 23-27, 2004, TPL208

© J-F. Muller, et al., Proceedings of the 51st ASMS Conference on Mass Spectrometry and Allied Topics, Montreal, Canada,

June 8-12, 2003, MPY497

9 D. S. Wunschel and K. M. Beck, Proceedings of the 51st ASMS Conference on Mass Spectrometry and Allied Topics,

Montréal, Canada, June 8-12, 2003, MPY499

¢ G. Piyadasa, et al., Proceedings of the 52nd ASMS Conference on Mass Spectrometry and Allied Topics, Nashville, TN,

May 23-27, 2004, TPL207
D Digital mirror array

8 S. D. Sherrod, et al., Proceedings of the 52nd ASMS Conference on Mass Spectrometry and Allied Topics, Nashville, TN,

May 23-27, 2004, TPL209

2, BbITmEMTICHHshTWE, £ —2 1) v YENL
RO 7 v —71%, BfEOEREMEMEE (& v 7 LPUERK

) AEGHEEE (o 2D wEHAL, v vIEE
(phosphatidylcholine) 3 2 IE L TV A8, 75 7

VN A v OARBBREBENS 2, U VIEEOBKHEEER
WCHR T 2RI 7 5 74 v M A & v (m/z 184) ITD L
TAA=V VI ET>TOE, XY YAMNR=ZTHILKRD S
V=713, Tillk®d TOF Bl (Kratos #1) Zdud L
FEBEMEANOCT, a4 vRUAF AN EF YR
ERG LI/ ) Ay TR T —vDA * =2 v JH
BN ET-> TV 57,

3.3 LDI I & 5 AIEH

LDl Zf v BB, v — ¥ —BEBE &S
(laser microprobe mass spectrometry; LMMS) & L C
1980 FE R S S T H 01920, Ml E&E I
LAMMA (Leybold-Heraeus ft, ® %1 SPECS #1)
LIMA (Cambridge Mass Spectrometry #, D HIZ
Kratos tt) 73b 5. TIN5 R34 v 7V R 7 — OBEKHE
HA B, 44—V 7 OEEENRIL V), 24y b
(mass microprobe profiling) IZHWV 6N 5. &BITLEDK
HIEES SV T, RGNS W TRIER(LEY O HIE

Blmz v, #FiE= v 7 VEEY) @NisSy) 5% D, =7 .
7 7 — ¥ (guinea pig alveolar) D& = v 7 VGO
HLERIS &b 5. BREILEIONENTIE, i~y
i3 Clofazimine 25 L 72 = v 2 DRIEHEREY 0, Y
DI EEYVE (phytoalexin) 78 E8d 5. £/ 7 v b
7 =7 RFD 7 NV— 71, RO FT-ICRE &7 #rat
(Bruker Daltonics #1) 2B &PEMEEIcUoE L, HikEHIC
GENZOEPOFHEMEOS 25 /7 VHARTEL TV 5.
IhoDIEHENE, YEORFEROIEL O &, Al
HTRETEAbLN LT REOREE S ME SR i R
DB L > THIT L 72 S ITR DN S 5.

3.4 MALDI I & 3 HIEH]

MALDI % W BEAMES I, 1 4 — Y v 7 EEOT
DOFEE L THER BIEFICHZE S LTV 5 (Table 1).
Ve v —EWNRFED V=TI, T O MALDI-
TOF E&45WrEt (Applied Biosystems ) Zu&lL, &
FRFHUHARICOWT Y v BAEC Lo A —
Y BRI EIT- TV A, [BEFIEHINE (D54) O EIES A
R (=9 2% 1k 2 %S F (thymosin 8.4) O
SIGRERIE END B, /7SI F 4 R T »—<fED 7L —
713, [ERRICTEL® MALDI-TOF B 2 dus L -
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Cell body region [ENEuE] 50 um
intensity 2 AP
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Fig. 2. An example of MALDI mass microprobe data obtained from single cultured cerebral ganglion neuron of Aplysia
californica. (A) Raster image showing the spatial distribution of peptide with m/z 4617. (B) Mass spectra which
were taken from spots located on a line with their centers separated by 50 um. Peaks are detected that correspond
to physiological active neuropeptides: AP, acidic peptide; ELH, egg laying hormone. MALDI matrix: a-cyano-4-
hydroxycinnamic acid (A) or sinapinic acid (B); 50 mg of each matrix was dissolved in 1 mL of acetone. (Figure
supplied courtesy of J. V. Sweedler and reprinted with permission from ref. 22. Copyright 2003 American

Chemical Society.)
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Fig. 3. Schematic diagram of a stigmatic mode (mass microscope). Relative positions of analytes within the exposure spot
of pulsed primary ion beam (SIMS) or pulsed laser beam (LDI or MALDI) are conserved through flying in the
mass analyzer region, which consists of stigmatic achromatic ion transfer optics. Each bunch of ions separated
according to the flight time (m/z) is subjected to magnification with electrostatic lenses followed by a position
sensitive detector to create the enlarged molecular image directly.
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