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A single mRNA counting by a microchamber array device containing a single human
nucleus
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In this research, a microchamber array device was designed to capture a single
cell, lyse a cell membrane, and isolate a single cell nucleus, and then mRNA in a single cell nucleus
were directly quantitated by using highly sensitive In-Stem Molecular Beacons (ISMB). As a result, the
expression of three frequently used house-keeping genes were successfully quantitated to an accuracy of
100 molecules within a single cell nucleus.

MRNA



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

L FELY ) MMEREETHMETH, £
DEETFIHBIEE (DNASMRNADZ 237
B) 13RI Z A7 Flia N THREL
T2 MRNA 0% 7 ORI LIz
e d, ZOBRFHRBLIE., FFZ mRNA 55
BIZ.cDNA~ A 7 a7 LA RERPCR 2 &
(CE D EBESNTE N, BHIKE ORE)
5. MRNA ZHEE T 21EEDLER R Th
ST, T ORI, YEERYHKTFH) 7ot
MESA 7 A (BEEEOMRY) ZfED 2 &A%
SNTEY  EME mRNA IZEEZ KM LT
WRNWEWSEN D - 70, FEH, MR
DODMEE~A 70T 4 ZAEHWTHRARL
7o, WAk (KIBE) 76 O N ER b
TR YT b= - FaT F— LRI HR
HENTZ28, mMRNA OFE&IZR LTI B
72 FISH {EZ AWTE Y | {K3EBLO mRNA
EHECEENHRZ EIFEVEY, 20k
IARFEBLDO mRNA EEiEIZIiT £ 72 F72RHE
N DD, BRARMIRBRRDO LN TV,
EREBLO MRNA % @k B f i ¢ = i, E
MFSRE DRI D 70 &3 BRHIE O 23 Lo
DD AL, & SITITIRIR O FRIE % B R W
M TEAAREMNH D720, HRFH K
SRBELEED TR, EF - PN, X
DA IZ LB i BT N A APHFE D
BENDENES DAY, TFEHTH
RE B 72 ZEBR R 3D BTV 5,
MEMAREZF TN E T, (b2 - E%y
HricB W CHERS B TRbN T & B
MM THEMZ WD REATH LT, ek
@ uTAS(micro Total Analysis Systems)iZ & %
DNA fEHTIEICT 8 =T ¢ 7 R0 ) /) HEE
RZISH L7238 LU DNA ZyBfEE A fesr LT
X7, ZOF MR %E DNA B AR L L
THWEFZEICB W TIE, /EkoEmy %2 H
WA HIETIIREETH - 72 K81 DNA O
SBEERIREE L2 T <. EERE A )
J REEROTIR CHITI CZ %5 Z &% DNA ©
15FEAFTITRITESHTHLNE L
770 E72. 7 ZBREITITAROYED L F
CITEZR Y . EA L pm LLT ORISR L
e B ERHATL L TE U RIED
TEMEEHIECX 572 8 MERIE & IR B
A T SRAS A T/ e AV G o 5 A L))
ARETHAHI EEFHIFL TE -, I HIZHT
T, T/ M2z invivo f A—Y 7
Ere & BRI TEAN & 1 ATt bR
I KB D T M i DO BE 3 24T
STERE, ZOX D70z LT, M
N CrERICE 5 2 Z2/528, Mo
KEX (-102L) FbbAADZE, T b=
YRUTOX D AN A LT R T (<1018
L) LRBEDH A X Thd I LICERLYE
T, ZOF 7 2B AR 220/ & LT
iy LI TcERnWhEEZDL L IR
7oo WFFEAREE O 1 51 Al L 2 H i
X, A 1TV TAXA LY A
R THDHIEND, ODEDDENLIRE I

HZMRNAZ 1551 L~LThHT T 4 7
LR EMENL T A ENTE D, 2, 1E
WAL~ A 7T A ATEEITINNL LT
FSHZEM 2 AT 5720, ZhE TOE—H
fiEMT CTA U T W= M BAER 252202
MPLTEZXDZENTES, £, b5
B - MELROSME R S BRI Z Bz 0 |
F XA ZADEFE MALDI-TOF-MS fEATIZ 8
708, EREEREMN « EEOWEPEE T
xbHEEZT,

2. #FEEDOHW

1%9F mRNA BT v 7 hERT 5
72, (1) MmN EREAZHHR L~ A
I aT A ZADOREE, (2) 1471 mRNA O
"RUbEA, (3) BUST — &% OFflE, 2
LD, TNETOAMBAERNSE L
MRNA DERIZBWTIE, SR bat 7 m
—7 (\FTHEAV X VAT R) &
M DUBEND->T=7- ., Mz (FISH
) bLLERERFA—TVEEZD (A
raAf Pzl iar) LW MEERH -
720 & 2 CAWIE TIL, D B % HilfE L 7=1%.
~A 7 uaF ¥ N—NIZH CIAD T, #lfigs
L CIIMREZR o TV D (BE) A3, M O
ARG IIMEGE LTV D (4) FEBRRIME
DHEDZ L EEETHI EEHME LT,
. A7 aTF vy N—FHWBZ L TE
SN AUIET T OBREE (SIN) 2
M 452 &5 mRNA OROET ~Lkik
OEEIZEY . 1T LV TOHT T
4 VT EREE ORI DT o THEE
ET L HAM AL, S hICELNET—X
DOFHEIEZ ML T 5 Z LT, 2L E TOMT
TIIARFARETH - 72, M@ THa e — L
FEE L TW2RWE D 72 mRNA OFEHL % | Rl
AL E Bl C = DTk 2 EB T 25 2 &
BIRAEHIE Lz,

3. WDk

ARFFE A ZERT D202, PIFEEIT
(1) BEm~OWEZIHIT o5~ 7 aF ¥
YR—Da—F 4T (2) BEDO~AY
0 F N —~OE AL & ENEREEO FF
BOEDITHE L INDT NA ADHEE, %
HHDHZ &b Uiz, WHEEL, (K581 mRNA
EREEICERET S0, (3) 1497
mRNA O E &R AIHEIE, (4) 1437 mRNA
DOREFR AR, & Vo 72 AR b E T 2 f
MEEDDZ L L Lz, BREEEIL, ZhE
THERLCEREERREZHAWET — X UG
& FDOFENT « FHlIZ TV, MERT — X~ A
=V TEEREET A Z LT 1 mRNA
DT 4 TEEWNSLT A EE LT,

4. WFFERR R

(1) =47 uF X \—~OHE D&
A

MR E IR 2T N A A F3 252 & T
B, B Miars 2 £ AT 5 Bk & e
Lice A 7 aF ¥ o R_R—F 4 2%, V7
o A v 7 ¢ AR Y~ —(Cycloorefinpolymer,
COP)EEMUZ S MEA A vy F v 7Tk »



THEE 20 um, S 30 ym OHFEEOT ¥
Nl 7= ZD~A 7 aF % "—F
INA R O 7T A= H Y L CRE & BlK
{E L. PBS |Z{RiE L CHEHILEHEIT- 72,
Z D%, PBS |ZI5¥ L 7= HelLa #i > PBS &
#IR (1.0x10%E/mL) %3 F L. 15 ZrfilisE
THZ LI Ko TR ZE T34 AFEIZIL
b7, TOHT v o35 Oflfa % PBS
Lo THRWIE LTz, ~f 7 aF v R"—F
XA ADFMH & FANIRT D 2 L THIJLE
W% T A AR I T 52 &
DD K9t/ oTz, TFX o X—DHEZEN
MO RE S (EEHK 15 pm) [RREO KX
IO, F v o N—WITITE— R E A
SN, Flo, Fr o —OFEESN30um T
b DT O PEE OB W E S T
F ¥ o N—NEIZE EEoT, ZDXHITL
T~A 7 aF v 2 — NI B — e 23 8
A&z, AFEZHNT, &~A 7 a0F ¥
UN—D T0%ICHE Ml A EATH T LI
KLz, B—HMpRnEAINZ~vA 70T
¥ UN—=TFT NS RS E R IC L5 T
B L7-, —HREPICT 1458 O F v o
—WNFEL TR Y BA LMo MaEE %
SYTO16 {2k » CYta LTz, F ¥ v/ —fEg
NEBDH ERE N D B A N7 T AE/ER L,
BF ¥ N —DK) T0%ITHI IV E AN ST
WBZ Enbhotz, £, PREBPEHHE
BOMBEAEAINTND T ¥ N — 32
EOKIBNTHDZ &Ebbholz,

(2) =47 aF v =N~ H—{fg
ISAGES PN

v A7 aFx N —NEIZB W THE D
SO ZITH) Z &2k > TH 35%
DF ¥ U N—HNEICH—MEZ 2T AT S
Z LTI Lz, RIROTFIETH—Maz ~
A 7T ¥ N —NERIEA L, Mg
WA L 10 oHEE L7z, £Di%, PBS
WXL TT RN, A 2R TH5Z L1k -
TTF v U N—WNENZHI R &2 £ L7z, il
% FM1-34, Hifuk% % SYTO16 CTEILZEN
et L, LESPMEIC Tl L, £
7o ARRAZIR S AL OB BB ENE N
X3¢ & 3d ThH D, MR HEREART
VR R R R SR 0 R O & R A% R SR o0 e 8
R TEXMIBOIIRN RN TS Z &R
Do T, MREEZ RS AT I AR ok
DEIEITFEAE L T U2 ASHI K AEE R Sk o0 g
P L TWD, 2D &G, fMlakzi
W2 K> THIBEBEATE R La oy, ek 135k
fFLTEBY ., Fx o/ —NEH TOMIEEZ D
MRS L E2 5, £-F ¥ o N—HNE
OB EIIREN S E A T T A
ZVER L=, ZOfERNDL, 3B5%D~A 71
F v N[ CH - O/ N E NS LT
5D ENbmnolz, HIFEARN 70%TH D
DIZxE L, MfEE & U CRAF Lok
35% T LM & LTiE, Miaghhhigz 4
DRI DA A 3T > TN D Z L, FllEs
F0uMIZFEDKREETHY | WIRRHDOE

R L7222z N D, F2. Mgz
DEANEN BUTHD I LITONT, IKER
BERICB T 5 O—HEFIZIX 1458 HOF v >
SN=FELTE Y, #9500 f# Oz % [F]
RRICBIEECTE D &0 ) i b+ ik R
ThoiHEERD,

(3) B2z 3k mRNA O

AR TIE, ~A 7 aF v o "—NEICE
A L7- MRz o8 £ 1D mRNA B, B &
Hizbiz, wHERHEALEZELR 2T —E—
aviEERAWE, TELdaTg—bE—auid
MRNA 72 & OEBR ZEi#k T 2BV B
% 20~30 HE 1T & D/ S 7 — AR DNA T3
Koy ENE R L, Sy IR
LDHEIWHET I\ T E
ENLHEIREENTZBLDOTHDH, ZDOEL
X2 T —b—arNEHMNOERIIZNA T
B A XTI L&D IRIEE DRI,
WHENEIET D, eI 5Z L THB
OEFIORRE, EEEITH Z ENHEKD, K
MIETHNEZEELF 2T —E—a 3%
HARTELdFaT—E—ar b T
KREL<, Y7 F A4 X (SIN ) 23
7o TWA,

10NM DFLFo2F—E—a Wik E AN
HZET, w4 70T ¥ o R—RNEIZBIT S
AfEEZ B mRNA ZRH3 2 2 gL
7o AURRRZAR AR &2 B LT L2121,
FHF1 100 nM, 10 nM, 1 nM ([ZFHEL L 7=
L FaT—E—aFK 100 uL 27 /31
AR T Ly I8 —=T T A h St S
IR CBIE LT, MR EAS TIN5
ME I MEABREG NSRBI L, FRFho
EEIZBWTT ¥ o — Ik 0O 8 O R EE 7>
HBEARANT T AEEHR LT, ZORENS,
100 nM BUWCiE, Ml BEA Sz F v >
N=LEASNTNRNTF ¥ R — D
WO — 7 Nt TE TR O, Mk
kD mRNA ZHHTE 72 EE Vv, 10
M IZBW TR EEEE D v — 7 BB
THEY AN mRNA 2T 5
25, 1nM IZEBW CIEMaE N EA ST
H5F ¢ N—=LEAINTWRNT ¥ X
— O YEIREIZEN R 51T, mRNA f&H %
1792 LNk Z2 o7, 10 nM 128\ T
MRNA BN A[RETH D Z Edbo Tz,
(4) H—HlaZN mRNA OE &

F X N —NEOELRELELF 2T
—E—a O T OBREN DR EREE
B UAMIEE N O E B 5 T4 O mRNA
EEBRTHIEWCHS L, ~( 7 aF v
NR—NEIZE L F 2T —E—ar 3L
BB O D AZ LAY THEA LT, E
ALTEELF 2T —E— a3 RROBEEN
BF v o NR—NEHDOEL 27— —a
DT EHEE L, F v /=N O E 65
ELHT 5L TF o N—HNED
MRNA > A ER L7, Tl F2F—b—
a eI LT ALZ ALY T EREG L
AR (LRt ik & 9 5) 22241 10 nM,



5 nM., 1 nM OJEEE 230N TagEIRE 2l E
L. MEREER LI, $o, A7 nFy
YOR=T A ZRNEOMEZICK L TE L
FaFd—b—arzEAL, MlaAgENLED
N5 HOEIRE XV Mg RO mRNA % &
L7, MBaANENICFEET 5 GAPDH @
MRNA O FBIFE TR FRETH DL Z &
2 BRI NTRD mRNA ZE&T 5 2 &I
LIz Wz 5,

5. ERFERLHE

(WFFEREF . IR M OB JE 3 12
=)
(MRS ) (FF 11 4F)

1. Yasaki, D. Onoshima, T. Yasui, H. Yukawa, N.
Kaji, Y. Baba, Microfluidic transfer of liquid
interface for parallel stretching and stamping
of  terminal-unmodified  single  DNA
molecules in zigzag-shaped microgrooves,
Lab Chip, 15, 135-140 (2015) DOI:
10.1039/c41c00990h

2. S. Rahong, T. VYasui, T. Yanagida, K.
Nagashima, M. Kanai, G. Meng, Y. He, F.
Zhuge, N. Kaji, T. Kawai, Y. Baba,
Self-assembled  Nanowire  Arrays  as
Three-dimensional Nanopores for Filtration
of DNA Molecules, Analytical Sciences, 31,
153-157 (2015) DOI: 10.2116/analsci.31.153

3. H. Yukawa, S. Nakagawa, Y. Yoshizumi, M.
Watanabe, H. Saito, Y. Miyamoto, H.
Noguchi, K. Oishi, K. Ono, M. Sawada, I.
Kato, D. Onoshima, M. Obayashi, Y. Hayashi,
N. Kaji, T. Ishikawa, S. Hayashi, Y. Baba,
Novel positively charged nanoparticle
labeling for in vivo imaging of adipose
tissue-derived stem cells, PLoS ONE, 9,
110142 (2014) DOI:
10.1371/journal.pone.0110142

4. S. Rahong, T. VYasui, T. Yanagida, K.
Nagashima, M. Kanai, A. Klamchuen, G.
Meng, Y. He, F. Zhuge, N. Kaji, T. Kawai, Y.
Baba, Ultrafast and wide range analysis of
DNA molecules using rigid network structure
of solid nanowires, Sci Rep, 4, 5252 (2014)
DOI: 10.1038/srep05252

5. H. Yukawa, K. Suzuki, Y. Kano, T. Yamada,
N. Kaji, T. Ishikawa, Y. Baba, Induced
Pluripotent Stem Cell Labeling Using
Quantum Dots, Cell Medicine, 6, 83-90
(2013) DOI: 10.3727/215517913x674270

6. T. Yasui, S. Rahong, K. Motoyama, T.
Yanagida, Q. Wu, N. Kaji, M. Kanai, K. Doi,
K. Nagashima, M. Tokeshi, M. Taniguchi, S.
Kawano, T. Kawai, Y. Baba, DNA
manipulation and separation in
sublithographic-scale nanowire array, ACS
Nano, 7, 3029-3035 (2013) DOIl:
10.1021/nn4002424

7. T. Yasui, K. Motoyama, N. Kaji, M. Tokeshi,
Y. Baba, Enzyme-catalysed reaction for
long-term fluorescent observation of single

DNA molecules, RSC Advances, 3,
3237-3240 (2013) DOI: Doi
10.1039/C3ra22999%h

T. Yasui, N. Kaji, Y. Okamoto, M. Tokeshi, Y.
Horiike, Y. Baba, Nanopillar array chip
integrated with on-line stacking for fast DNA
separation with high sensitivity and high
resolution, Microfluidics and Nanofluidics,
14, 961-967 (2013) DOl: DOl
10.1007/s10404-012-1103-7

M. Horade, M. M. Kanaoka, M. Kuzuya, T.
Higashiyama, N. Kaji, A microfluidic device
for quantitative analysis of chemoattraction in
plants, RSC Advances, 3, 22301-22307
(2013) DOI: Doi 10.1039/C3ra42804d

10.T. Yasui, N. Kaji, Y. Baba, Nanobiodevices

11.

for biomolecule analysis and imaging,
Annual review of analytical chemistry, 6,
83-96 (2013) DOl:
10.1146/annurev-anchem-062012-092619

K. Kitazoe, Y. S. Park, N. Kaji, Y. Okamoto,
M. Tokeshi, K. Kogure, H. Harashima, Y.
Baba,  Fabrication of  functionalized
double-lamellar multifunctional
envelope-type  nanodevices  using a
microfluidic chip with a chaotic mixer array,
PLoS ONE, 7, e39057 (2012) DOI:
10.1371/journal.pone.0039057

(FeRFE]) G231 (&THEFA)

1.

ANIIES, MBS, ZIFRERE, S5 EEE,
~A 7y bk Tz B R AT 5
DFI¥E, AAREER H 9B BRFEER
(2015/3/26) T3

Dt E, 2R, B5RRE, 7/ i
T =0y TR RN, ST 7
RNA A HEVT 7 s uY—% 151 EES
FINAF T a—Tarng®fa H 7 b
A RIfFIESE (2015/3/16) BAT

N. Kaji, T. Yasui, Y. Baba, DNA separation by
nanopillars and nanowires, International
workshop  on  extended-nano  fluidics
(2015/3/27) Tokyo

FRIEST, MMEE, I, K55EE,
T FREEIZ IS 1T D> DNA JEEEHIEHTE OB
H AR b5 63 422 (2014/9/19) JA
=

Do E, 2R, BSEE, T/ eT
— T UAY, ATy MDA
FURZIRIRAT 7 /3 A A DB, % 21 817 =
~ NITT7 40— AR T T L (201416/6)
Al R

IR E, J E R E W T ) S
FTF A ZADOHSEE3E, & 18 1] VBL > >
AP T L (2014111/17) 4R
DEEE, T/ T A YT AL DN
A A3 ~F ) RT DNAY—r v
D7 DIZEERTLEA TR O ~, T/
ANA FEEEILFETEBE RS F 3 B
FEWNY AR Y7 L NanoBio % 7 [AI#5 T



Fy hT—F v 7R T T A
(2014/6/13) f&[w

8. Q. Wu, T. Yasui, S. Rahong, T. Yanagida, M.
Kanai, N. Kaji, M. Tokeshi, K. Nagashima, T.
Kawai, Y. Baba, A Millisecond Micro-RNA
Extraction Technique for Nanopore-based
Nucleic Acids Sequencing, The 18th
International Conference on Miniaturized
System for Chemistry and Life Sciences
(UTAS2014) (2014/10/29) San Antonio, Texas

9. N. Kaji, Y. Baba, Nanobiocevices for single
DNA and cell analysis, The 18th International
Conference on Miniaturized System for
Chemistry and Life Sciences (UTAS2014)
(2014/10/29) San Antonio, Texas

10. N. Kaji, Y. Baba, Nanowires, Nanopillars, and
Nanoslits as a Pretreatment Tool for
Nanopore-based DNA  Sequencing, 4th
Annual Next Generation Sequencing and 2nd
Annual Single Cell Genomics Asia Congress
(2014/10/7) Singapore

11.N. _ Kaji, Y. Baba, Nano- and
Quantum-biodevices for Cancer Diagnosis,
Cancer Therapy, and iPS Cell Based
Regenerative  Medicine,  Advances in
Microfluidics and Nanofluidics (AMN2014)
(2014/5/21) Taipei

12. N. Kaji, T. Yasui, Y. Baba, Rapid fabrication
and purification of multifunctional
envelope-type gene delivery nanodevices by
microfluidic devices, 8th International
Symposium on Nanomedicine (ISNM2014)
(2014/12/5) Matsuyama, Ehime

13. N. Kaji, T. Yasui, Y. Baba, A Single DNA
Manipulation and Analysis in Nanofluidic
Devices, Advances in Microfluidics and
Nanofluidics (AMN2014) (2014/5/21) Taipei

14. N. Kaji, Q. Wu, T. Yasui, Y. Baba, Nanopillar
chips for a Millisecond DNA and RNA
separations, 14th Asia-Pacific International
Symposium on Microscale Separations and
Analysis (APCE2014) (2014/12/8) Kyoto

15. I E, /NG, ZHEFERE, K%,
~A 7 aF v =R T AT
LN, ARSI LEREE 62 £
(2013/9/12) N

16. HHELE, ZIFFEME, KslE, -/ A
FTINA 2N KD B— ARGy 1T, 57
Bl N A A ELEY R T T A
(2013/9/27) 4h R

17.)][!% MHEEE, /AT A AL DA

I, T A A EBEE RS E

ﬁ@ %2 HEFENY R T T L
NanoBlo’%GIEl%“%':* v T —=F T
AT (2013/6/14) F L

18.T. Naito, N. Kaji, Y. Baba, A new design of
microfluidic components for bioanalysis, 5th
International symposium on microchemistry
and microsystems (ISMM2013) (2013/5/18)
Xiamen, CHINA

19. N. Kaji, High speed and highly sensitive
biomolecule measurements by nanopillar- and
nanopore-based nanobiodevices, 17th KAST

International Symposium on "The
Multi-Omics and Nano Biotechnology for
Human Disease Research” (2013/11/26)
Seoul

20.N. Kaji, T. Yasui, Y. Baba, Micro and
Nanochamber Array Chip for a Single Cell,
Nucleus, and Protein Analysis, International
Conference on Small Science (ICSS 2013)
(2013/12/16) Las Vegas, NV

21.N. Kaji, Y. Baba, Nanobiodevices-based
single biomolecule and single cell analysis for
cancer diagnosis/therapy and stem cell
therapy LAB-ON-A-CHIP ASIA 2013
(2013/11/13) Singapore

2 IMHIEEIE, “R & e Bl T/ S e Ko+
D D, SRV A A=

(2012/10/1) 4 )2

23. N. Kaiji, Y. Baba, Micro- and Nanofabricated
Structures on a Chip for Biomolecule
Analysis in Artificial Intracellular
Environments, ISMM2012  (2012/6/11)
Hsinchu, Taiwan

(&) (Gt 41F)

1. M. F Serag, N. Kaji, M. Tokeshi, Y. Baba,
Carbon Nanotubes and Modern
Nanoagriculture,Nanotechnology and Plant
Sciences (Siddiqui, M. H., Al-Whaibi, M. H.,
and Mohammad, F, Eds.), Springer.
183-201, (2015)

2. NHhEEE, . PERE, B%aRE, T i
%ﬁﬁb\fzﬁé/\?ﬁﬁﬁﬁim SAEE, H
AW 4. 348-354, (2014)

3. JIHhEL[E, E%&%“ﬁﬁmm,%%@i
SCEEMEED B %, B, TR A
31-34, (2014)

4. JNHBEGEE, RS2 A XHIE L7z 2
TN T OIS, 2 & E, BA(LE:
3. 290-291, (2013)

(P SE A PEME )

oIRGB 1 14F)

L BERIERT v 7, ROVERHIEEE
I - RIS, ZRERE, NHEE. I
A, WIHERL, S%EE

MR - | |k

FHEE : K5

. FRE 2014-214090

HIFEAH B : 2014410 H 20 H
EANADR] - [EWN

oKL (0 1)

(Z Dfth)

A==
http://www.apchem.nagoya-u.ac.jp/I11-2/baba-ke
n/



6. WFIEiEk
(AR EE

Jmi #GE  (Noritada Kaji)

L BRRFRTERE LR b5 - A
THRE SRS, #eEdR

WFoeE 5« 90402479



