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Matrix—Assisted Laser Desorption/Ionization Mass Spectrometry (MALDI-MS) imaging is a powerful and successful
tool to visualize the distribution of biomolecules in the biological tissues and cells. However, a sub—cellular
scale lateral resolution is still difficult to obtain by the conventional scanning—type MALDI imaging mass
spectrometer because of the dependence of spatial resolution on the laser spot size, which is usually in the
range of 10-100 pum. One more issue is the extremely long measurement time. Many researchers have optimized
MALDI laser to smaller spot sizes, but the issue of long measurement time remains. To address this problem,
a stigmatic—type imaging mass spectrometer equipped with a position— and time-sensitive detector, in which
the spatial resolution is not dependent on the laser focus diameter was used in this study. In a stigmatic—type
imaging mass spectrometer, the spatial distribution is determined by the combination of the magnification
of the ion distribution by the ion optics and the pixel size of the detector. Thus, it has the potential to
achieve a high spatial resolution. Furthermore, the measurement time can also be reduced by analyzing a large

sample area in a single shot.

Other issues in MALDI are associated with organic matrices. The organic matrices, when deposited on the sample
after mixing in a solution, forms large matrix—analyte co—crystals, which reduces the image resolution. Also,
organic matrices are easily ionized, so they produce many interference peaks. Moreover, the deposition of
the matrix in wet form can cause the migration of the analytes in the sample which results in the reduction

of the image quality

SALDI (Surface-Assisted Laser Desorption/Ionization) MS is an alternative technique to MALDI MS where inorganic
nanoparticles and nanostructured surfaces are used as a matrix instead of traditional MALDI matrices. SALDI
MS is getting popularity over the last decade because of the unique properties of nanoparticles and some of

its advantages over MALDI MS advantages such as easier sample preparation, low background noise

The nanoparticles, if applied as a matrix in dry form, increases the shot—to—shot reproducibility because




of better homogeneity as compared to the conventional organic MALDI matrix applied in wet form. The use of
nanoparticles can solve the problem of reduced image quality caused by the large size of matrix crystals.
And, the deposition of the organic matrix by sublimation or deposition of the nanoparticles by sputtering
can remove the wet deposition problem. The deposition of the nanoparticles by sputtering is rather
straightforward than the sublimation deposition of the organic matrix. Considering all these advantages of

nanoparticles over the traditional organic matrix, nanoparticles were used as a matrix in this study

A standard lipid 1, 2-distearoyl-sn—glycero—3-phosphocholine (DSPC) using 7 nanoparticles (TiOz, CeOZ, WOy
Ag, Zn0O, CaO, Fe203) and organic DHB matrix and, amoeba cells using the same 7 nanoparticles (TiOZ, CeOZ, WOy
Ag, Zn0O, CaO0, Feé%) were analyzed by a scanning—type MALDI Spiral-TOF mass spectrometer for the selection
of the appropriate nanoparticle for single—cell analysis. The metal oxide nanoparticles were deposited on
the sample in the wet form after mixing in a solution using a pipette and, the Ag NPs were deposited in dry
form using an ion sputtering instrument. After screening all these nanoparticles, the Fe}% NPs were found
to be most effective for the analysis of lipids in the amoeba cells. Feé% NPs and Ag NPs were selected for
further analysis. FengNPs were selected because they were most suitable and Ag NPs were also selected because
they can be deposited in dry form which is suitable for imaging analysis. Then the imaging analyses of amoeba
cells were performed using Fe}% NPs and Ag NPs. However, the spatial resolution of the images was reduced
when Fe}% NPs were used because they were deposited in the wet form which may have caused the migration of

the cells or the analytes in the cells.

HelLa cells were analyzed using Ag nanoparticles, which can be deposited in the dry form, by the scanning—type
MALDI Spiral-TOF mass spectrometer and, a spatial resolution of 30 um was achieved. Then, single HelLa cells
were analyzed by a stigmatic—type imaging mass spectrometer using Ag nanoparticles and, a spatial resolution

of 2um was obtained as a result.

The stigmatic—type imaging mass spectrometer equipped with a position— and time—sensitive detector and in
combination with nanoparticle-assisted laser desorption/ionization technique showed the potential for high
spatial resolution single-cell imaging. Since single—cell analyses are very important for understanding cell
metabolism, cellular functions, and disease states, this study will be of great importance for the single—cell
biologist and mass spectrometry researchers and inspire them to adopt stigmatic—type imaging mass spectrometer

for single—cell analysis
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~ N w7 ATV —F — A A b (MALDT) E &S A A —Y > 7%, AEERB X O
WD ALy F D22 2B FAL T 5Ny — > TWnA. LavL, fERDERM MALDL A
A= TEBEBSE TR, L= — R (10-100 pm) MNZERISERELZ IR T 5720, Mg L~
VUL T ORI SIREE TARS FEERALT D 2 LxTER W, 72, b9 1 SORMBEIX, HEwH
MIEFIZRNZLETHD., ZhbOMBEEMIRT D701, (0E & RERH 4 [F R G307 RE 7o i 45
ER AT BERA A=V TEBSNHPEFRECHE SN TE TS, ZOMEETIE, =My
fRAEITX L — Y —ENRITKFE T, EROMAIEL, A4V HFERICE DA A 0H OJLKER & B H S
DEZ LY A ZOMRBEDLEICEI>TIRED. LER-T, EWZERSMELERT S Z &N
BTHhD. 61T, 1HIOL—F—RETRNERDO A A —VZ2IGTE, HERMLERTE 5.

—JiC, MALDI TiX, 4 A MbofihFlE LTHBE~ MY v 7 ZH WD Z &M, EHSMRiEICER
BhHEzT0D., WIEZEN L~ N v 7 A2 TAE—Fy N TFT5E, ~hU v o R
LSBT O um LL EDOHY A XD RE IR ETRA L, ZOfET A ANEBOMBRELZKT S
. Fl, A~ N v 7 XL, B FEBOZOTH Y- DJRREE D, 2o OREE IR
TAHEOIIZ, KFZETlE, FI9AHFE~ N v 7 20RbiIcF JkifFa2~ ) v 7 AL LTHWS
ZElTL, K~ N v AOWEEITo 2.

AEAA! MALDI Spiral-TOF EEOMFHC LY, &BE{LH T / ki1 Ti0,, Ce0,, WO,, Ag, ZnoO,
Ca0, Fe,0, % AT, 7 A — il % o8t L. &R (bY )/ ki 1%, WEICIRG Lok, o7
N BRI T T Lz, Ag T /R FIE, A A Ay B o 7B A2 L TR e TRE
L. ZOFER, Fe,0,F VRN T A— SHIBOIRBE DO SHICR BRI TH D Z EBRbho s,
WHZWR T LEBICHEBET TOFOBBENEZ T LEY ZENERENTZ. £2T, 4415
YRR T, DhOomBRIE T VR T2 A AR Ag T /R T OERENER THD &) #E
FICE L. 22T, Hela Mz, Ag T /7R TZ2HWTHHr L. AEER MALDI Spiral-TOF E &
IHTEETCIE, ZER O MEEEIL 30 um TH o 7.

Wiz, Hela iz, Ag 7/ HiTZ2HAVWTHERERMAS AV TERBOIEFTON L. ZORKE 2
um DL R OE WL RENGOND Z ENEFETE . F RV —F —BilE o 4 ALl &
MAGOELEEMNA A=V JEESIFIL, ®ZEMSMEOHR Ml XA —Y v 7 OiEM%
AT D52 8%, RFFRICE Y FEFELZ. —MRSTIE, MR, Miakee, ¥ X OVERIRE % R
THLDICHEFICEER G FETHY, AL, OO E~DELZHES D THD.

LoT, KwFE L (B%) o iwmX e LT, HoflifEd s b0 EBO 5.




