Q1);cEHEDHEBDITOIULE(CHWT, S, DEFIZFIBLIEY MUY DX EEHR
RFEOFENEDL S [CHBE LTV OMNMCHEHBKRS D XY,
SMIROF L2 DRFZSEDIBVWELETESELFUET.

FL— MMEREE AV EEE OSBRI, IRIE, AR, METERER EDDEFICH
WCARELMHRUTLET,

SERE. LAY, EXEHBR. BHEZE. JISICINX CEmBIIYIHRDER
BOMODE CHILRSNARMIBFSNTNET,

RE. BEDHOBEMBMEDEIRIOMIBRRE. 7F I X MDIKRSEETIE. BARE
REARCIVEALEON THED XTI, BEEDEIFIEZS T TLDRULNELNE
BAN, SEBOBENARESSRIAFTNTNET,
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Q2) . ICPEAWVWT—ODHIEP D THREH AT IEEXRAELTHET . TDEE
DEREZFEIT 518 . MEOBES KL LIUIZNIZE LS R LM ESAL
TWET FALGEDZFEZIXLD ., PENASREZTRTETTLEIMN?

—EH
HPEHEHOFEESA BRHYMES,

& REUARRA (1R —0) 2 1F T D.
OHBESWAELCIRIRCETS !

Q3) EWLGEDHMIZICPTHM T HHEE . EQLSGRENDELZDTLLID,
—Ef 2B LMBIZTOREBRDO S TFIEERLET,
1 #ARa 5347 (single cell analysis) Z# B89 &S DRA VI 4B E LIBE(Z- - -
E. Coli Yeast Euglena Fertilized salmon egg

(KBE) (B8 (SRY L) (HrDZFE)



http://ameblo.jp/dr-oz/entry-11068454451.html
http://ameblo.jp/dr-oz/entry-11068454451.html
http://www.biranger.jp/archives/5234/20110112yuki1
http://www.biranger.jp/archives/5234/20110112yuki1
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A B BEOBIRNEEF \ %-?-L>:)
N 0.1 mL .
T70 888 D D 1 mg (1 mL)
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XRERLTHDE

EMN>FE1E SFIOOA-ERBEE>E1E
EMERDILERIGEBR>F1H 2 /\0E
A EPGREEBRT BLEDYE
SHBMOB S ER VINVHE

By yEE, EYOEERERYET, BRYOIEESE 5D AEBEPED.
FMROES T oL E0ODERTHIONTH S, BREYICE, 2o 2E0E M,
MEEORS OEE, TALE-BORKEY, RECAEREE T, BECH
W AGEIRENE B,

W OB O9HIE, MEOABETEMCThR TS, MEZMIEE LTE
BCEDBILNTEERETHD, ABETIIH000@EDH > 0 BY HE
TB, £/, WLEOWE THHI0FEES 5,

HB1En XNV HE

ABEOEEHEID Y RV BEFD
SEEEFEERD, (BERAQT0E )

LR DHEE

ERYE EE THHTE EEH MRS o
%) (BEMEE)
7k 70 18 1 4% 1010 o REERER
i 1 40 20 2sx10> == PI0
el AR 3 130 200 2% 108 W e
e 2 750 50 253107
T I B 0.4 120 100 3%107 - ™
ROLFFRFE 04 300 200 12107 ;;' N
TOMOESF 02 150 200 15% 107 "é'*
RHoriE 15 4x10% 3000 106 T Y
1 RN
DNA 1 2.5%10° 1 2
RNA 6 5% 10° 1000 10°
aun
*Na*, K*, Mg®*, Ca’*, FeX*, CI~, PO}, 802 izl -

James D. Watson

/RN EBPE-EREZE

(1962 £ )

TABLE 3-3 Approximate chemical composition of a rapidly
dividing Escherichia coli cell®
Per cent Approximate Number of
of total Average number different
Component cell weight MW per cell kinds
H.O w /a 18 A4 % 10\ 1
<norganic ions (Na, 1 40 25x10° 20>
K*, Mg, ca~Te™=
Cl, PO, SO, etc.)
Carbohydrates and 3 150 2 x 108 200
precursors
Amino acids and 0.4 120 3 x 107 100
precursors
Nucleotides and 0.4 300 1.2 X 107 200
precursors
Lipids and 2 750 2.5 X% 107 50
precursors
Other small molecules 0.2 150 1.5 X Sesmais ]
(heme, quinones, JAMES D. WATSON
breakdown products Molecu.lar
of food molecules, Biology ©
etc.)
Proteins 15 40,000 10
Nucleic acids .
DNA 1 2.5 x 10? 4
RNA 6
16s rRNA 500,000 3 X
23s rRNA 1,000,000 3 X
tRNA 25,000 4 X
mRNA 1,000,000 10



//upload.wikimedia.org/wikipedia/commons/5/56/James_Watson.jpg
//upload.wikimedia.org/wikipedia/commons/5/56/James_Watson.jpg
http://www.motokawa.bio.titech.ac.jp/book.html
http://www.motokawa.bio.titech.ac.jp/book.html
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Higmy Efficient Single-Cell Analysis by ICP-MS
aprox. 100 % cell intmdun‘tinn Highly time-resolved

J. Anal. At. Spectrom., 2014,29, 1598-1606



http://pubs.rsc.org/en/journals/journal/ja
callto:2014,29, 1598-1606

HiRazfRRAELL \BRRT7ILI 259 Z2ICHRL A S /—ILIFFTER LIS ?

ERH ETSAKEHSIA

1. SERLTWERA. T3TH. MESAZFIDICHARELTLARIT S —
(X. TMARAZRAIELOVERTZIILTYTISXTICHYAD 12EFE->TLY
B0, TSXRICHEAShHAHBEOERIZRLZ>TWET ., TDRYIZ,
HEEOSEIL (AWCERYELEWNEEICHAR) & BHURTLD
B2 BEOR L (EVLORRAESTEEN TN EZERAILTRHTESS
[FTDRENEDFRBREDRERR) EZEMLI-CLT, — M@ gEIZE >
TULVET (J. Anal. At. Spectrom., 2014,29, 1598-1606) .

2. —F.EHIALAREREILEFOTLYN 2 RL—48—IF, [REE L. T
faZERAELOERTZILGYISARICHRYAD 1ICEIZHEYETL. Fh
#EMIh TULVET (U. Anal. At. Spectrom., 2013,28, 646-656) o

3. FATLYR IR —2avItidT53XAIADMBBAIZDNTIE, <4
HaFvFT0ERFINHYET (Anal. Chem., 2014, 86 (12), pp 6012-6018) ,
WBODMIXIETE, N) fHz (IR THRZEATESON) JIZEE
FTHDTHNIX, 90 Hz~300 HzTT,



http://pubs.rsc.org/en/journals/journal/ja
callto:2014,29, 1598-1606
http://pubs.rsc.org/en/journals/journal/ja
callto:2013,28, 646-656
callto:2014, 86 (12
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J. Anal. At. Spectrom., 2013,28, 646-656
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Highly Efficient Single-Cell Analysis by ICP-MS
Do 1DIJ' % cell in'l:ruducﬂnn

Highly time-resolved
detection of cells

R BT P

J. Anal. At. Spectrom., 2014,29, 1598-1606
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Anal. Chem., 2014, 86 (12), pp 6012-6018
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http://pubs.rsc.org/en/journals/journal/ja
callto:2014,29, 1598-1606
http://pubs.rsc.org/en/journals/journal/ja
callto:2013,28, 646-656
callto:2014, 86 (12
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Micro Total Analysis Systems 2012, 2012, 767-769.
DETECTION OF METALLIC ELEMENTS IN ASINGLE CANCER CELL

USING MICROFLUIDIC DEVICES COUPLED WITH ICP-MS
Yoshivuki I\Iij'azﬂkil",, Takao Yasui™ °, Kazumi Inagakia, Yukihiro Okamoto™, Noritada Kﬂjil’ -
Tomonari Um Emural, Manabu Tokeshi® ‘l, and Yoshinobu Baba®>*

(a) (L) 27 pm

Cell ICP-MS -

suspension | Tpm ¢ I 81 pm

@ AN
Height=32 pm
Ciemal

T

~ [ 8
Device PBS . "
6 cm Outlet
Q0 > = =
L
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Micro Total Analysis Systems 2012, 2012, 767-769.
DETECTION OF METALLIC ELEMENTS IN ASINGLE CANCER CELL

USING BIICROFLUIDIC DEVICES ( OUPLED WITH ICP-MS

Yoshivuki Miy azaki” °, Takao Ya 5.'111 ", Kazumi Iuagalﬂ Yukihiro Okamoto’ I\m itada Ii.ﬂ_]l
Tumn:mal i Umemura’ ".Ianabu Tokeshi™ ¥, and Yoshinobu Ba ha
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An example of Cleaning
procedure



Polymer cleaning procedure

Clean any residue from the polymer

Rinse with DDI water

Place in or fill with 1:4 HCI for at least 1 week
Rinse with DDI water

Place in or fill with 1:4 HNOS3 for at least 1 week
Rinse with DDI water

Dry in clean air environment

(51 FH7TANER)



Teflon cleaning procedure

Clean any residue from the Teflon

Rinse with DDI water

Place in 1:1 HCI acid bath (80-90°C) for at least 4h
Rinse with DDI water

Place in 1:1 HNO3 acid bath (80-90°C) for at least 4h
Rinse with DDI water

Dry in clean air environment

(51 FH7TANER)
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D=2 I—LDRIES T D ERBEDRE LIRS

MBI IEH

F1. BETYMIBRESNEEERXR

£3. ERBEEIFTOPFABREKICETh 34 EFFEYAIEF

JC % ng/cm? JC ng/cm?
Fe 1800 Mn 28
Na 1500 Cr 27
Ca 930 Sr 22
Zn 870 B 15
Al 400 Cd <10
Mg 260 Co <10
Si 200 Li <10
Cu 81 Bi <10
Ni 73 Mo <10
Ba 58 \% <10
Pb 49 Be <10

K 33

I ng/g TL3R ng/g
Al 7 Li <35
Ba <5 Mg 28
Ca 110 Mn <5
Cd <5 Na 22
Co <3 Ni 5
Cr 21 Pb <35
Cu 6 Sr <5
Fe 23 Tl <35
Ga <5 \Y% <5
K <5 Zn 9

FH _EZEt, The Chemical Times Vol.107, No.3(2005), 21-25
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M. ICP-MSTHRAARBPDIRIFEDDHZITOTLNSIDTI D, ROE
DR—RSA 22D FIVBTFRDICK K, E>TVWEY, @R Thnd,
RREDMERDDTIH, HRAHBDAIRTE. EDOKXSRFERGEDEZ
THBDh BBANWEEZIFTFERATULELSD,

HADHOFISABTHONDETEBAD T, TDREEFMMNDFIEAN. FECRULET,

ERRIC, BREZEZESCTHBEDBOXEY — (DR ELRL. AEWE, Y2 TILEOR
TREITOIRENHD XTI,

HE FICESREODRERTRSIENC EPONBIRDIEEDENEDNSBRIEY DIk EN—H%H
RRREELIRDFT,

—7. —MBICEHATEA UGS, KEBRDKIDIBAREZTAAEY —(FHE D (S LD TIEIRU
MNEELEKT,

HLUE. XEYU—EWDSCETHNIEESEEFIBESFEFRVWAOREZEAL, TS5 OLANILETTF
MBETHRFIDCE, DFED. BREBIUEZEBVET,
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TWBDTHNIE., BTHhBHETLKBBICENDTS>UEIFELRDET,

AEY—3R(E, B2 TILFEEFEELSAZRIBICIFELS., RUEEBICTFARASRVNENDCET
IDT. COLOIRIFE. BIRDEKIICT S IHRICKDGFRIT D ELERBVET,

ULH\L. &5, TS 0ERAENENDS S ETHNIE. EAR (S XFLA) (CHEENSDD. BO
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E#FHEOEEMIICEAL T, thOTRAMTRELE
HRE (BREPLEEEE. WRTRN. ZEFETEHE
BE) DEVELBRULEHSICP-MSDOXY Y b
ZHATIELL

1. SR-MicroXRF (SRXRF)

2. Electron Probe Micro Analyser (EPMA)

3. Laser Induced Breakdown Spectrometry (LIBS)

4. Secondary lon Mass Spectrometry (SIMS)

5. Particle-Induced X-ray Emission Spectroscopy (PIXE)
6. Laser Ablation-ICP-Mass Spectrometry (LA-ICPMS)

Laboratory for Planetary Sciences

Kyoto University

BEF@vron70—7 (EPMA)

http://www.jeol.co.jp/science/epma.html

FHER (RPXEXZREFHEH)
][]

E-mail : hrt1@kueps.kyoto-u.ac.jp

s - BAAREAIROEE
s SZEM2EEE (1~2um)
o XX ~WEKS (100ppm)

RR - &ffi (FAlCE>TR)

http://www.an.shimadzu.co.jp/apl/material/
engine20130222.htm

BAEEXXR? T (SRXRF)

http://www.mext.go.jp/a_menu/shinkou/
ryoushi/detail/1316039.htm

EEHM

1um KFHH
http://www.spring8.or.jp/ja/

news_publi /press_rel /
2011/110608/

I - JEMRER
* BZXM2HEEE (<Tum)
- BRE (P~ETHE. ppm)
o {LRESIRE

RE KB, HIRZICEFGW
YV VI LHRE

https://www.kek.jp/ja/Facility/IMSS/PF/PFRing/XRF/

L=Y—=T L= a3%&%E (LIBS)

http://www.g5-hakuto.jp/mass/lalibs/
laser_breakdown.html

IS - BILCERITIBELRL
L] ‘“E
o R ~MEKS (100ppm)
 EREAT (REFHE)

RIR « ANRT M IvhiiEs

http://www. p ptics.com/applicati /
spectroscopy/libs-prehistoric-animal-teeth.html




—RAAVHEMMREL (SIMS)

http://iil.cris.hokudai.ac.jp/facilities.cgi

s - SEMAP8EE (0.1um)
s R ~WEKRS (1ppm)
- stigmatic (GE53R)

RE *VhIYIRABHRK
s REHSM (FAlcE&>TR)

http://www.nature.com/srep/2014/140612/srep05266/
full/srep05266.html

Laser Ablation-1CP-Mass Spectrometry

Laboratory for Planetary Sciences
Kyoto University

VA 708FREXE2T (Micro-PIXES)

http://www.irb.hr/eng/Research/Divisions-
and-Centers/Division-of-Experimental-Physics/
Laboratory-for-ion-beam-interactions/
Nuclear-microprobe

flR - BZRE28EHE (Tum)
s R ~WERS (1ppm)
- EHERE (FEYETRE)

R ~REDAE -5

http://slideplayer.com/slide/2869769/

L—Y—=77L—>aVICPEERiE (LA-ICPMS)

to mass spec.
)
Laser

Sampling (Laser Ablation)

- Hard or Soft Sampling
- Various Drilling Rate

S Hard lonization

- Higher lonization Efficiency
- Simpler Mass Spectrum

v RKRELGOTEFEBE. EREDSV - Smaller Matrix Effect
v SRR AL, BYMYYI2AHR
v RRUER O THR2BEHEEAN D BRTHE

[ |7 [s P—
Kyoto University
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Elements being ionised >90%
based on Saha-Langmuir Equation
(Niu and Houk, 1996)

Labora
Kyoto Uni

tory for Planetary Sciences
iversity

SHBEEPOWERES XA—I VIR

First Ablation (Imaging)
D Variation in sampling volume can be a systematical error of the elemental deter
Second Ablation 56Fe 63Cu

S FHEPOTROFERERE

EBFPTOFEE (ATHIEL)

1,000,000

100,000

10,000

1,000

100

0.0l

0.001

A XA=I VI RRET o IR
C PSCI K Ti MnFeNiCuZn AsSe RbSr Mo Pb s
T
L] NEENR WHENR WERMETR 10%
C
] 1%
P
m
1,000
S o K ppm (Hg/g)
u 100 ppm (ug/g)
Fe n
In 10 ppm (kg/g)
n R [ 1]
T m g b Sr = || ppm
Mn Cu Pb
n .Se u 100 ppb (ng/g)
Ni Mo
HAs
10 ppb (ng/g)
| ppb
FFES

ST LDEEHEDTHRZRARICRILY S5 Z LHATHE

Kyoto University

R AREE & BRE DR

http://www. co.jp/surface_: ysis/' jue/XPS-ESCA.html
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S5DEEREZEXATCVNET, ECTYDHDD ([CERALEESRIDSNIETHX
TIEEEV. (FAHEEEDRTYI(E10mg/LAERD & LTI
S,Ca,Mg,Fe,Nad 5 p%5)

Y:371.029 S:182.562 Ca:422.673
Mg : 280.270 Fe: 259.940 Na : 589.592

UEDKSRBRRZEARALUTCNWET . CNFTICSc: 424.682 Cd :
214.439 ZEAUTHFLUED, YHIEELIDSHDI\A 7 RXAZH/HEE
9, BEIC—HIIHBEFMONEEEBNETITH,

KDIEVWEDHhHNIE, CNBUATERLERESRKS - €DMMDTFER
EHDXUESHAXT L.

A)EIEFIRASA K



ICP-AESIZ B [THRBE L LR K FEIR

RIZ#E TR a BETH J
17445 1A

[ NIEETHR BE TR ]

LR LR
NIRE TR Al TE TR
Y 371.029 nm A A 4R S 182.562 nm Hii#R
Ca 422.673 nm Hii4#R
Sc 424.682 nm A A 4R Mg 280.270 nm A A 4%
Cd 214.439 nm A # 4% Fe 259.940 nm A # > #%

Na 589.592 nm 4R

Ca 317.933 nm A # L #%

YDOFER. S-NaDAAUAE > BHLGARIMLIENETELLLY,
AFA 4R Y © Ca,Mg,Fe
R #R Sc < S,Na

NIZETREAETEZDEFHINEL—HTHEITEL,
BREIZERBLIHBNIE. FIR-TR)VIRYFUTLRET, FEDEBZRDAIENEELLY,




